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PREFACE 

This manual provides detailed information and instructions for installing, operating, and 
maintaining the Texas Instruments Model 979A Tape Transport Subsystem, including information 
on controllers operating in a 960, 980, or 990 System environment. The information is presented in 
the following sections and appendices: 

Section 

1 General Description — This section contains a physical and functional description of the 
subsystem and the various system configurations. 

2 Installation — This section contains installation and checkout procedures for the 979 A 
Tape Transport and related controllers. 

3 Operation — This section describes controls and indicators, tape loading and unloading 
procedures, and general operating procedures for the 979A Tape Transport. 

4 Theory of Operation — This section contains theory of operation of the 979A Tape 
Transport and functional descriptions of the interface/ controllers. 

5 Maintenance — Preventive and corrective maintenance procedures, troubleshooting, 
removal and replacement procedures as well as operational checkout and adjustments for 
the 979A Tape Transport are included in this section. 

Appendix 

A Signal Mnemonics 

B Software Documentation for Motion Control Logic Assembly Number 937027 

C Logic Element Diagrams 

D 979A Field Tester Controls and Indicators 

E SDP, PDT979, Magnetic Tape Transport, 800/1600 BPI-PDT960/980 

F Glossary of Magnetic Tape Recording Terms 

The Model 979 A Tape Transport Subsystem Drawings Manual, part number 949613-9702, should 
be used as a supplement to this manual. 

Additional information related to the use of the tape transport and controllers may be found in the 
following documents: 

Title Part Number 

Model 960/980 Computers Direct Memory 966312-9701 

Access Channel Manual 
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Title Part Number 

Model 960/980 Computers Direct Memory 966312-9702 

Access Channel Controller Manual 

Block Transfer Controller Maintenance 240802-970! 

Manual 

Model 990 Transport Interface Unit 240976-9701 

Maintenance Manual 

1600 BPI Transport Command Controller 941689-9701 

Maintenance Manual 

Model 979 Tape Transport Controller Maintenance 24080 1 -970 1 

Manual 

Model 990 Computer Model 979 A Magnetic Tape 946229-9701 

System Installation and Operation 

Model 979 A Tape Transport Installation and Operation 949612-9701 

muutrt y/y tape transport maintenance manual ziojio-v/ui 

Model 990/10 Computer System Hardware 945417-9701 

Reference Manual 

Model 990/10 Computer System Depot 945404-9701 

Maintenance Manual 

Model 990 Computer Family Maintenance Drawings, 945421-9701 

Volume I — Processors 

Model 990 Computer Family Maintenance Drawings, 945421-9702 

Volume II — Peripherals 

Model 990 Computer Diagnostics Handbook 945400-9701 

PD. TAPTST 945437-9901 



IV 
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SECTION 1 
GENERAL DESCRIPTION 



1.1 INTRODUCTION 

The Model 979A Magnetic Tape System (figure 1-1) provides facilities for serial access mass data 
storage with the 960 or 980 computer systems, or with the 990 computer systems employing 
TILINE.* The magnetic tape systems consist of an interface/ controller, up to three transports (for 
990 systems), interconnect cabling, and a resistive-terminator module. 

The transport, used as a digital data recorder/ reproducer, is capable of operating continuously 
under intensive tape activity. 

1.2 SYSTEM CONFIGURATIONS 

A diagram of the various configurations that may include a 979A Tape Transport is shown in figure 
1-2. 

13 RECORDING FORMATS 

Either of two types of recording/ reproducing formats may be employed by any single transport: 
nonreturn-to-zero, inverted (NRZI) or phase-encoded (PE). No single unit may employ both 
formats, simultaneously. However, in a 990 system with more than one transport, and with an 
appropriate controller (PE/NRZI type), formats may be mixed. 

A brief summary of the characteristic of the tape transports follows: 

Characteristic PE NRZI 

Tape type 1/2 inch certified computer grade 1/2 inch certified computer grade 

Tape speed 952.5 mm (37.5 in.)/ sec. 952.5 mm (37.5 in.)/ sec. 

Record/ Playback Mode Phase encoded (PE) Nonreturn to zero, inverted (NRZI) 

Bit density 1600 bpi (one track) 800 bpi (one track) 

Tracks 9 9 

Compatibility ANSIJBM ANSI,IBM 

Figure 1-3 is a comparison of idealized NRZI and PE waveforms for a sample bit stream. For ease of 
comparison, the bit density is the same for both waveforms. The drawing is divided into bit cells, 
where a bit cell is the time allotted to record a single data bit. The flux transition which represents the 
data bit falls in the middle of the bit cell. 

The NRZI waveform uses a flux transition to represent a one, and the absence of a transition 
represents a zero. The PE waveform uses the direction of the transition to represent the data. A 
positive-to-negative transition represents a zero, and a negative-to-positive transition represents a 
one. An additional transition at the bit cell boundary is inserted between successive zeros or 
successive ones. 



*TILINE is a registered trademark of Texas Instruments Incorporated 
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979A- 1277-42-2 



Figure 1-1. Model 979A Tape Transport (tape guard removed) 
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Figure 1-2. 979A Tape Transport - Computer System 
Configurations 



1-3/1-4 



Digital Systems Division 




949613-9701 



L BIT J 

P CELL. *j 

1 1 1 
DATA j | 1 | C 


I 


( 


3 1 


! 


1 


I 1 1 




NRZ1 1 


































PE ! " j .1 I 


1 ' i 

1 ,i 


1 " 1 


i { 




1 




1 
1 










; 


1 
1 
1 





waveform: o = no transition 

1 = TRANSITION (IN middle of 
BIT CELL) 



PE WAVEFORM: 



(A)1 35683 



= POSITIVE TO NEGATIVE 
TRANSITION 
1 = NEGATIVE TO POSITIVE 
TRANSITION 
00 OR t 1 : SEPARATED BY ADDITIONAL 
TRANSITION AT S!T CELL 
BOUNDARY . 



Figure 1-3. Comparison of NRZI and PE Recording Waveforms 



13.1 HEAD LAYOUT. Figure 1-4 shows the head spacing for the 979 A Transport. As the tape 
moves forward, it encounters the heads and photocells in the following order: 

• BOT/EOT sensors 

• Erase head 

• Write head 

• Read head 

1.3.2 NRZI FORMAT. Figure 1-5 shows the format of a 9-track, 800 bpi NRZI tape. The start of 
the actual recording area on a tape is identified by a reflective beginning-of-tape (BOT) marker, 
which is sensed by a photocell. The BOT marker is at least 3. 1 metres ( 10.0 feet) from the start of the 
tape to allow an adequate leader. Notice that the BOT is offset below the centerline of the tape. The 
BOT is approximately 101.6 mm (4.0 inches) from the start of the first record. The end of the tape is 
identified by a reflective EOT marker, which is also sensed by a photocell. The EOT marker is 
displayed off the tape centerline in the direction opposite the BOT displacement. The EOT marker 
should be at least 4.3 metres (14.0 feet) from the end of the tape. 
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Figure 1-4. Head Spacing for Model 979A Transport 
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Figure 1-5. NRZI Tape Format 
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The tape tracks are numbered sequentially, 1 to 9, starting at the reference edge of the tape. The track 
numbering corresponds directly to the numbering of the read data and write data signals between the 
controller and the transport. The track numbers do not correspond directly to the bit positions of the 
data characters from the computer. The conversion between character bit positions and tracks is 
performed in the controller as shown below: 



CHARACTER/TRACK ASSIGNMENTS! 



CHARACTER 
BIT 
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3 


4 
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TRACK 

7 


TRACK 
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TRACK 
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TRACK 
3 


TRACK 
9 


TRACK 
1 


TRACK 

8 


TRACK 

2 



TRACK 4 = ODD PARITY 



(USB) 



A NRZI record must consist of at least 18 characters. The maximum record size is determined by the 
capabilities of the controller and the length of tape on the reel. 

The end of a NRZI record is identified by a unique configuration of spaces and check characters. The 
last data character is followed by four characters which are all zeros, including zero parity. No flux 
transitions occur in these four character positions. The CRCC is followed by four more all-zeros 
characters and the LRCC. An interrecord gap (IRG) of 15.2 mm (0.6 inch) separates the LRCC from 
the beginning of the next record. 
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The cyclic redundancy check character (CRCC) is based on a modified cyclic code. This code, which 
is based on the theory of polynomials, provides a rigorous means of detecting and correcting errors 
in a record. The CRC code is developed as the record is written on the tape, and the completed 
CRCC is written onto the tape at the end of the record. During read operations, the controller 
develops a CRC code as the record is read. The new CRC code is compared to the CRCC on the tape 
to determine if they are equal. If the codes do not compare, there is an error in the read operation. 
The CRCC has odd parity if the number of characters in the record is even; even parity if the number 
of characters is odd. It is possible for the CRCC to be an all zeros character. 

The longitudinal redundancy check character (LRCC) consists of 9 even parity bits, 1 for each track, 
j^ach bit Oi the LRv,\_ is chosen so that the total number of ones in that track is even. The LRCC 
includes the entire record and the CRCC. The LRCC cannot be an all-zeros character. 

The file mark is a special character group which is used to separate files. The terms EOF (end-of-file) 
and file mark are used interchangeably throughout the industry. Figure 1-6 shows the format of the 
file mark for a NRZI tape. The file mark is preceded by an erased gap of approximately 127.0 mm 
(5.0 inches). The mark itself consists of two 13i6 characters separated by 8 all-zeros (no flux change) 
characters. The usual interrecord gap separates the file mark from the first record of the next file. 

13 J PE FORMAT. Figure 1-7 shows the format of a 9-track, 1600 bpi, phase-encoded tape. The 
beginning of the recorded area of the tape is identified by a reflective beginning-of-tape (BOT) 
marker. This marker, which is sensed by a photosensor on the transport, must be 3 metres (10 feet) or 
more from the physical beginning of the tape. The end of the tape is identified by a reflective EOT 
marker which is at least 4.3 metres (14.0 feet) from the physical end of the tape. The BOT and EOT 
markers are displaced from the tape center line as shown. 

A phase-encoded tape is identified by a burst of alternating ones and zeros in the parity track. The 
identification burst starts a minimum of 43 mm ( 1 .7 inches) from the trailing end of the BOT marker, 
and extends beyond the marker. The BOT gap, which starts at the end of the ID burst, must be at 
least 12.7 mm (0.5 inch), and is nominally 101.6 mm (4.0 inches) for the 979A Transport. 

A PE record is preceded by a preamble which consists of 40 all-zeros characters and a single all-ones 
character. The preamble is useful for time synchronization within the transport PE decoder logic. 
The PE record is followed by a postamble which is a mirror image of the preamble, a one followed by 
40 zeros. The postamble is useful in read reverse operations, which are not implemented in the 
TMTC. 

The interrecord gap is a 15.2 mm (0.6 inch) erased area which separates the postamble of one record 
from the preamble of the next record. 

A PE file mark, as shown in figure 1-8, separates successive files. An erased gap of approximately 
127.0 mm (5.0 inches) precedes the file mark. The file mark consists of 40 special characters which 
have dc erasure in tracks 3, 6, and 9, and all zeros in track pairs 1 and 2, 4 and 5, 7 and 8. The all- 
zeros tracks have 80 flux transitions at 3200 frpi. This file mark is compatible with the IBM standard, 
which is more restrictive than the ANSI standard. 

A normal interrecord gap separates the file mark and the first record of the next file. 
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Figure 1-6. NRZI File Mark 
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Figure 1-7. PE Tape Format 
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Figure 1-8. PE File Mark (EOF) Format 



1.4 TRANSPORT FUNCTIONAL DESCRIPTION 

The following paragraphs are brief descriptions of major subassemblies of the 979A Tape Transport. 
Refer to the block diagram (figure 1-9). A more detailed description will be found in Section IV, 
Theory of Operation. 

1.4.1 cakd CAGli. FUNCTIONAL DESCRIPTION. All control and data handling circuits are 
contained on eight printed circuit cards mounted in the card cage (A I A4) at the rear of the transport 
assembly. General descriptions of circuits and the functions they perform are outlined by card type. 

1.4.1.1 Capstan/ Regulator, card A1A4A1. Two major functions performed by this card are: 1) 
control of forward and reverse drive directions of the capstan motor, and, 2) power supply output 
voltage regulation. Forward or reverse drive signals received from the motion control card are 
processed by linear elements in the capstan control circuits to supply appropriate forward or reverse 
drive currents to the capstan motor. Mechanically ganged to the capstan motor is a tachometer to 
supply feedback (correction) voltages back to the motion control card, thereby closing the capstan 
control loop. 

Unregulated power supply outputs of +12, -12, +20, and -20 volts are applied to four regulator 
circuits. These circuits supply +12,-12,-6, and +5 volts regulated power to iogic and control circuits 
m the transport. The +5V and -6V regulators are adjustable and independent regulators containing 
their own reference voltage supplies. The +12V and -12V regulators are nonadjustable and 
dependent regulators relying upon the +5V and -6V supplies as their reference. All regulators have 
foldback current limiting circuits. Additionally, the +5V regulator has a crowbar circuit to prevent 
the regulator from exceeding a 6.5V limit. If the crowbar circuit is triggered, the tape transport ac 
power must be switched off, the problem cleared, and then power switched on to restore normal 
operation. In addition to the main functions of capstan control and voltage regulation, the 
capstan/ regulator card contains lamp driver circuits for the READY, SELECT, and FILE 
PROTECT indications, relay driver circuits for the fast reverse and the w^nd relays, and detector 
dnver circuits for beginning-of-tape (BOT) and end-of-tape (EOT) sensors 
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Figure 1-9. Model 979A Functional Block Diagram 
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1.4.1.2 Reel Servo Control, card A1A4A2. The reel servo card controls speed and direction of the 
take-up reel and supply reel motors. Digital control signals from sensors in the vacuum column 
inform the reel servo card about the vertical position of tape in the column. If too much tape is being 
dumped into the column, sensors notify the reel servo control of the condition and a counter-voltage 
is then supplied to the appropriate motor. The counter-voltage causes the motor to slow down, 
reverse its direction, or to completely shut down in case of fatal malfunction such as a tape out of 
control condition. Likewise, if not enough tape is in the column to satisfy the sensors, the reel servo 
card supplies voltage to accelerate the motor, reverse direction or effect shutdown, if necessary to 
protect the tape. 

There is also a dynamic braking control circuit on this card to react to "shutdown" signals from 
vacuum column sensors, or if forward or reverse motion of the reel motor stops. 

1.4.1.3 Motion Control Logic, card Al A4A3. There are two types of motion control logic cards: one 
type containing ICs and discrete components for decoding, switching, and storing control signals; 
another type consisting of microprocessor, memory elements, and drivers to perform the same 
functions. These cards are completely interchangeable. 

Motion control logic reacts to local, remote, or internally generated commands to issue commands 
controlling tape movement. These commands are used to control forward read or write tape drive, 
reverse drive (backspace), rewind, and unload operations. 

1.4.1.4 Data Control (NRZI or PE), card A1A4A6. The data control card contains logic to process 
data and control signals with the tape controller/ interface card in the computer chassis. Computer 
commands received via the controller/ interface condition data circuits to record or playback data 
betweeen computer and tape, As a result of these commands, a circuit on the data control card 
generates timing signals for read and write operations and status signals for the controller/ interface. 
The data circuit for transferring track 1 data with the computer is located on this card. The circuit for 
track 1 data is similar to the eight track circuits on data cards A1A4A7 through A1A4A10. 

There are two types of data control cards: NRZI (nonreturn to zero, inverted) and PE (phase- 
encoded). Operationally, the main difference between cards is the recording/ reproducing format on 
tape. 

1.4.1.5 NRZI or PE Data Cards (A1A4A6 and A1A4A7 - Al A4A10). Track 1 data is processed by 
circuits on Al A4A6 in addition to control signals. The remaining eight data tracks are processed by 
cards A1A4A7 through A1A4A10. Even track numbers 2, 4, 6, and 8 are on the upper half of the 
cards, while odd track numbers 3, 5, 7, and 9 are processed on the bottom half of the cards. 

NRZI data cards (and track 1 data circuit) format the data for NRZI recording/ reproducing, while 
PE data is formatted on the tape controller and presented to the PE data cards in this form. 

1.4.2 DRIVE MOTORS FUNCTIONAL DESCRIPTION. There are three drive motors in the tape 
transport assembly. Two identical servo motors are used to drive tape reels: one for the takeup reel 
and one for the supply reel. The third motor is a dc control motor mechanically ganged with a 
tachometer. This motor drives the tape across the read/ write and erase heads. Due to the geometry 
of the tape path, the capstan does not touch the oxide surface (data bearing surface) of the tape; it 
contacts the mylar surface. The capstan motor receives drive signals from the capstan/ regulator card 
under instructions issued by the motion control card. Feedback from the motor is supplied to the 
motion control card by the tachometer mechanically connected to the motor. Capstan drive speed 
(both forward and reverse) is adjustable on the reel servo card. Instructions for speed adjustment are 
contained in the checkout procedures of the maintenance section. The reel servo motors are 
controlled by the reel servo card. The reel servo control card receives instructions from sensors in the 
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vacuum column on the status of tape quantity. Reel motor speed and direction is varied depending 
upon the amount of tape in the vacuum blocking, or allowing light to reach the infrared light 
detectors. If either too much or too little tape is in the column, an immediate shutdown results. More 
information on sensors and limits is described in the following description of the vacuum buffer. 

1.4.3 VACUUM BUFFER FUNCTIONAL DESCRIPTION. The primary purpose of the vacuum 
buffer is to ensure uniform tape tension in the reel-to-reel transfer of tape. This is done by drafting a 
quantity of tape into the column and maintaining this quantity within certain limits by using infrared 
light sources and detectors. The vacuum pump is a five-stage motor capable of (re)moving 0.57 
m / min. (20 cfm) of air from the column. The pump is located at the column center. This effectively 
divides the column in half: the upper portion holds tape from the supply reel motor, and the bottom 
section holds tape going to the takeup reel. 

There are seven light sources and seven light detectors: one in the center of the column, three in the 
top portion, and three in the bottom portion. Sensor operation is described from top to bottom of 
the upper portion of the vacuum column. The lower portion operates similarly. Tape is first 
manually installed and threaded across the top and bottom turnaround rollers. Tape must be slack- 
free across the top and bottom turnaround rollers. 

When the LOAD button on the control panel is pressed, the vacuum pump energizes and control 
circuits go into an 1 1 -second delay waiting for vacuum buildup. After the 1 1 second delay the supply 
reel dumps tape into the upper vacuum column. As tape is drawn into the upper portion of the 
vacuum column, light is blocked from sensor 1. Then the capstan starts loading tape into the lower 
portion of the column. Characteristics of reel motors tend to dampen large fluctuations of tape in the 
columns due to CW and CCW switching of the motor. The tape approaches a virtual steady state in 
the vertical direction near the light line from the source to sensor 2 when tape is traveling in the 
forward direction. In the reverse direction steady state is approached near the sensor 3 light line. 
Automatic shutdown of motors and the drive occurs when light reaches sensors 1 or 7 indicating 
insufficient quantity of tape in column; or when light is blocked from sensor 4 indicating too much 
tape in the column. 

1.4.4 FILE PROTECT AND TAPE LIMIT DETECTORS FUNCTIONAL DESCRIPTION. The 

file protect circuit prevents recording on a "file protected tape" containing data that is not to be 
altered. This is also called write protect. File protected tapes have the write protect ring removed 
from the center of the reel, this prevents a latching switch located next to the supply reel hub from 
being activated. Signals from this switch are supplied to the file protect lamp driver on the 
capstan/ regulator card and to the data control card. When the switch is not closed (file protect ring 
missing), the FILE PROTECT lamp on the control panel lights, and an inhibit signal is sent to the 
data control card to prevent writing on tape. 

Tape limit detectors are placed near the tape cleaner and heads in the tape path. The detectors sense 
the beginning-of-tape (BOT) and end-of-tape (EOT) markers affixed to the tape. The detectors 
operate identically. Detectors units have a built in light source that senses reflected light from tape 
markers. Each of the sensors detects reflected light from one-half the tape width. The markers 
themselves are 25.4 mm (1.0 inch) lengths of highly reflective tape. Signals from these detectors are 
sent to buffer/ driver circuits on the capstan/ regulator card. 

1.4.5 POWER SUPPLY FUNCTIONAL DESCRIPTION. The power supply assembly is located 
at the top of the transport unit. Primary unregulated dc voltages are supplied by this assembly and 
distributed to the card cage, servo amplifier assembly and the file protect switch. (The vacuum pump 
gets its voltage from the ac source via relay Kl.) 
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The capstan/regulator card in the card cage contains four regulator circuits which supply base drive 
to series-pass regulator transistors mounted on the rear of the power supply assembly. These 
transistors use the power supply chassis as a heat sink. Mounted to the right under the rear of the 
power supply chassis are six fuses to protect circuits from excessive currents of unregulated voltages. 
The transport is protected from ac overcurrent by a fuse located on the top rear behind the front 
plate. 

Table 1-1. 979 A Tape Transport Leading Characteristics 



Characteristic 

Functional: 

Tape Speed: 

Start/ Stop Characteristics: 

Rewind Speed: 
Read/ Write Head: 
Static Skew: 
Dynamic Skew: 
Tape Tension: 
File Protection: 
BOT, EOT Detection: 

Configuration: 
Height: 
Width: 
Depth: 

Weight- 
Mounting: 
Tape Width: 
Tape Thickness: 



Description 

952.5 mm (37.5 in.)/ sec. 

Start: 10.1 ms, 4.83 mm (0.190 in.) 

Stop: 10.1 ms, 5.59 mm (0.220 in.) 

3657.6 mm (144.0 in.)/ sec. (min.) 

9-track read-after-write dual gap with edge relief slots 

0.0019 mm (75.0ju in.) relative to outside tracks of read head 

0.0032 mm (125.0/u in.) pk-pk, typical 

2.2 N (8.0 oz.) nominal 

File-protect-ring sensor 

Photosensing detectors; built-in command sequence to assure 
accurate positioning on BOT regardless of approach direction. 

622.3 mm (24.5 in.) 

482.6 mm (19.0 in.) 

368.3 mm (14.5 in.) overall, 373.4 mm (14.7 in.) behind panel, 
including connectors 

61.2 kg (135.0 lb) 

Standard 482.6 mm (19.0 in.) rack mount 

12.7 mm (0.5 in.) 

0.0381 mm (0.0015 in.) 
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SjIjC^ 1 lOW 2 
INSTALLATION 



2.1 GENERAL 

This section provides installation procedures for the 979 A Tape Transport and interface/ controllers 
required in a 960, 980, or 990 environment. These procedures include site preparation, unpacking, 
installation of controllers and tape transport(s), and interconnection cabling. Examine this entire 
section before proceeding with the installation. Circumstances unique to a user's site may dictate that 
these procedures be performed in modified order. Familiarity with the contents of this section will 
provide a rational basis for planning the installation work. 

CAUTION 

Do not connect or disconnect any plug or circuit board when power is 
applied to the computer system or to the 979 A Tape Transport. 

2.2 SECTION ORGANIZATION 

Due to the various configurations available, an explanation of how this section is arranged will assist 
installation personnel in rapidly locating areas of interest. 

Paragraphs 2.3 through 2.5 outline procedures for installing the 979A Tape Transport that are 
common to all systems. Paragraph 2.6 outlines installation procedures for the 960 or 980 
interface/controller using NRZI recording/ reproducing format, only. Paragraph 2.7 outlines 
installation procedures for the 960 or 980 interface/ controller using both PE and NRZI 
recording/ reproducing formats. Paragraph 2.8 covers procedures for 990 interface/ controllers using 
either NRZI only, or PE/NRZI recording/ reproducing tape formats. 

2.3 SITE PREPARATION FOR THE TAPE TRANSPORT 

The 979A mounts in an EI A standard 482.6 mm (19.0 inches) rack. It requires 622.3 mm (24.5 
inches) panel height, and 330.2 mm (13.0 inches) depth behind the panel. Workspace greater than the 
533.4 mm (21.0 inches) open door clearance will be determined by the user. Installation is 
recommended at the top of a standard 1778.0 mm (70.0 inches) cabinet, part number 945080-0001 . A 
convenient work height in a taller cabinet may require equipment mounting above the 979A. If the 
979 A is not installed at the uppermost rack position, a means of restricting upward movement of the 
transport should be considered. 

2.4 UNPACKING 

The tape transport is shipped on a plywood pallet in a corrugated cardboard container as illustrated 
by figure 2-1. A packet of mounting hardware is included. 

WARNING 

The tape transport shipping weight is in excess of 68.0 kg (150 
pounds). A power lift is recommended for handling the transport. 
Use proper handling procedures to avoid backstrain. 

Upon receipt of the tape transport, inspect the container for evidence of abuse during shipment. 
After preliminary inspection, the container may be opened from its upright position as illustrated by 
the figure. 
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Figure 2-1 . Model 979 A Tape Transport Shipping Container 
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The two end strapping blocks may be employed for initial handling of the unboxed transport unit. 
Do not use the center separator block for handling purposes. This center separator should be 
removed immediately to preclude its use as a handhold. Avoid unnecessary handling of the transport 
by first preparing the cabinet for rackmounting (see paragraph 2.5) before removing the transport 
from its shipping container. 

After the rackmounting preparations, the transport may be lifted from the container, positioned near 
the intended mounting location, and then removed from the shipping pallet. 

2.5 MOUNTING THE 979A 

I hese instructions describe the mounting of the 979A Tape Transport at the top location in an EI A 
standard 482.6 mm (19.0 inches) rack. Where other than the topmost location is required, relative 
positioning of the mounting hardware can be made. 

2.5.1 HARDWARE ATTACHMENT. Counting down from the topmost hole of each rail, attach a 
hanger "point up" in holes 10 and 1 1, using two 10-32 X 0.44 flathead screws provided. See figure 
2-2. The square end of the hanger should split a 15.875 mm (0.625 inch) hole pair of the rail. Attach a 
second hanger "point up" on each rail 444.5 mm (17.5 inches) below a corresponding point of the 
upper hanger. Four mating hangers on the 979A are attached "point down" at the inside corners of 
the transport base plate as shown in figure 2-3. 

2.5.2 RACKMOUNTING. The following instructions are intended for rackmounting the 979A 
Tape Transport using a power lift to lift the 979A vertically between the cabinet rails. 

WARNING 

The 979A Tape Transport weighs 61.1 kg (135.0 pounds). A power 
lift is recommended for installation. 

1. Remove equipment installed below the tape transport mounting location to provide 
clearance. 

2. If other equipment is to be mounted above the 979A, it may be removed to provide 
clearance to engage the mounting hangers. In this case, the control panel need not be 
removed from the transport during the mounting procedure. Otherwise, detach the tape 
transport control panel (three #6 screws inside the top rail of the door frame) and 
temporarily secure it at the front or rear of the transport assembly. Save the control panel 
attachment hardware. 

3. Close the door, position the transport on the power lift, and raise the transport to a level 
that will provide clearance between points of mating rack hangers. Move the transport 
horizontally into the cabinet between the rails. When maneuvering into the cabinet from 
the front side, make sure that the cabinet is blocked at the rear to prevent its backing away. 

4. When the transport base panel rack hangers are touching the cabinet rails, ascertain that 
all rack hangers will engage properly and then gently lower the transport into position to 
mate the four hanger pairs. Check that all hanger pairs have engaged properly. The 
transport is now supported on the cabinet rails. 
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Figure 2-2. Mounting Rack Hangers in EIA Standard Rack 
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Figure 2-3. Model 979A Tape Transport Mounting and Connection Provisions 
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NOTE 

The transport is secured into the cabinet by mounting the control 
panel into the remaining space above the transport. When the control 
panel mounts flush under the top of the panel opening in the cabinet, 
the transport is then secured. If the control panel is not in the 
uppermost location in the cabinet or directly below other mounted 
equipment, an alternate means should be provided to secure the 
transport in the cabinet when there exists any possibility of upset. 

5. Install the control panel above the transport with the three #6 screws and washers (from 
step 2) through the upper door frame. 

2.6 960/980 INTERFACE/CONTROLLER, NRZI ONLY 

The tape transport controller for the Model 979 A Tape Transport provides an interface to the direct 
memory access port (DMAP) expander for the Model 960 or Model 980 Computers. The 
recording/ reproducing format used with this interface/ controller is NRZI format, only. 

Figure 2-4 is a block diagram relationship of the tape transport controller and tape unit to the Model 
960 or Model 980 Computer. 

2.6.1 TAPE CONTROLLER ORGANIZATION. The Model 979A Tape Transport Controller 

Consists of tWO maior logic section*' the hlr»rW tra ncfW r»nntrr»l fRTT'V Inolo cnH tK« tano pnntr«l Irvoio 

(TCL). The BTC is the interface to the DMAP expander and the TCL is the interface to the tape 
transport unit. 

Figure 2-5 illustrates the tape controller organization. 

2.6.2 TAPE CONTROLLER FUNCTIONS. The tape transport controller performs two primary 
functions. 

1 . It is capable of independently retrieving blocks of data from memory and transferring 
them to the tape transport for writing on tape. 

2. It is capable of independently accepting blocks of data read from tape by the tape 
transport and storing them in memory. 

At any one time, only one nonrewind operation may be in progress on any one transport. Any 
combination of the remaining transports may be rewinding simultaneously. 

All tape operations are initiated via the Automatic Transfer Instruction (ATI) in the Model 980 
Computer or the Activate Direct Access Channel (ADAC) command in the Model 960 Computer. 

Rewind commands to the controller require only the execution of an ATI or ADAC command by 
the CPU for activation of the controller and the appropriate transport. Nonrewind commands 
require execution of an ATI or ADAC command by the CPU and acquisition of a list by the Block 
Transfer Control (BTC) portion of the tape transport controller. 

Controller/transport status is reported at appropriate times as either one or two words. Two words 
are stored only when a data transfer operation has been executed. 
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Figure 2-4. Tape Transport Controller, Tape Transport, and Computer Relationship Block Diagram 



The following commands are executable in the nine-track tape system. 

REWIND 

UNLOAD 

READ BINARY (FORWARD) 

RECORD SKIP (FORWARD or REVERSE) 

WRITE BINARY (FORWARD) 

WRITE END OF FILE (FORWARD) 

ERASE (FORWARD) 
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Figure 2-5. Tape Controller Organization 

2.6.3 CHANNEL ADDRESSING. The controller may be assigned any channel (DMAP) address 
from channel through channel 7. Circuitry within the BTC section of the tape controller uses the 
assigned (hard-wired) address to determine when to respond to an ATI or ADAC command. This 
circuitry also determines which request lines to drive and which acknowledge lines to monitor as 
explained in paragraphs 2.6.4 and 2.6.5. Refer to the BTC manual referenced in preface for detailed 
information. 

2.6.4 ADDRESS SELECTION. The channel addressing scheme utilized permits assignment of any 
channel address and enables the address to be changed, if required. The assigned channel address is 
selected on the circuit board by either a jumper wire address plug or a dual-in-line (DIP) switch 
package. Figure 2-6 illustrates the selection using the address plug. Figure 2-7 illustrates the selection 
using either of the two types of DIP switch packages. The decoding and comparison of the assigned 
address to the address in ATI1 or ADAC1 is shown functionally in figure 2-8. 

2.6.5 ADDRESS MODIFICATION. In order that the channel address may be changed without 
altering the controller logic or connector plate wiring, the BTC section of the tape controller picks up 
eight sets of channel control lines. However, only one line from each group is utilized, the one 
corresponding to the assigned channel. 

The circuitry for driving the appropriate memory access line and interrupt request line is shown in 
figure 2-9. The circuitry for monitoring the memory access grant line and interrupt acknowledge line 
is shown in figure 2-10. Using this channel addressing scheme makes address modification a simple 
matter of altering the address select plug wiring. 

2.6.6 BTC AND TCL CIRCUIT CARD LOCATIONS. The BTC and TCL cards are located in the 
DMAC external expansion chassis in card slots shown in figure 2-11. 

2.6.7 979A MAGNETIC TAPE SYSTEM, INTERCONNECTION CABLING. Figure 2-12 shows 
an interconnection diagram for the tape transport operating in a typical 960 or 980 computer system 
environment where recording/ reproducing format is NRZI, only. 



2-8 



Digital Systems Division 




949613-9701 



Vcc 



Vcc 



Vcc 



ADDRESS PLUG WIRING 


CHANNEL 


CONNECTIONS 


7 


1-2, 3-4, 5-6 


6 


1-14, 3-4, 5-6 


5 


1-2, 3-12, 5-6 


4 


1-14, 3-12, 5-6 


3 


1-2, 3-4, 5-10 


2 


1-14, 3-4, 5-10 


1 


1-2, 3-12, 5-10 





1-14, 3-12, 5-10 




© ® ® ® ® ® ® 

14 1312 11 10 9 8 

1 2 3 4 5 6 7 

® ® © ® ® @ <§) 



GND 



GND 



GND 



A A A A A A A 



(A) 138384A 



U 11 I I I 1 II 

ONE PER CONTROLLER 



] 



Figure 2-6. Channel Address Plug 



ADDRESS EXAMPLE: 
CHANNEL 1 




ROCKER- TYPE SWITCH 



ADDRESS EXAMPLE! 
CHANNEL 2 

1 X X 



£^^/7/7y 



X=DON'T 
CARE 



SLIDE-TYPE SWITCH 



(A)1 31415A 



CHANNEL 
NUMBER 


SWITCH SETTINGS 


1 


2 


3 


4 


5 





OFF 


OFF 


OFF 






1 


OFF 


OFF 


ON 






2 


OFF 


ON 


OFF 


lil 

IE 


Ui 


3 


OFF 


ON 


ON 


< 
O 


< 
o 


4 


ON 


OFF 


OFF 


H 


H 


5 


ON 


OFF 


ON 


Z 

o 


z 




6 


ON 


ON 


OFF 


o 


Q 


7 


ON 


ON 


ON 






note: off = 


: LOGIC 1 *, ON = LOGIC 






Figure 2-7. Multilayer Circuit Board Address Data 
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Figure 2-9. Request Line Select 
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Figure 2-10. Acknowledge Line Select 



2.6.8 960/980 SYSTEM CHECKOUT PROCEDURES FOR THE 979A TAPE TRANSPORT. 

Checkout procedures for 979A Tape Transport and interface/ controllers are outlined in Section V. 

2.7 960/980 INTERFACE/CONTROLLER PE 

The interface/ controller used in this system consists of seven boards in the DM AC external 
expansion chassis and a tape interface unit, see figure 2-13. That portion of the interface/ controller 
installed in the DMAC expansion chassis consists of three block transfer controller cards and four 
tape command controller cards. The tape interface unit is contained in its own chassis and may be 
mounted in a standard EIA equipment cabinet. 

2.7.1 BLOCK TRANSFER CONTROLLER FUNCTIONAL DESCRIPTION. A BTC consists of 
either three multilayer printed circuit boards or three wire-wrapped circuit boards as shown in figure 
2-14. The two types are directly interchangeable. All interface signal lines to and from the BTC come 
through 80-pin connectors at the bottom of the circuit boards. The BTC provides direct access to 
CPU memory for high speed peripheral devices such as the 979A Tape Transport. The BTC is part of 
a peripheral controller which consists of a BTC for CPU interface and a TCC to control the tape 
interface unit and subsequently the tape transport. Routine tasks such as CPU command and 
monitoring, list acquisition, memory management, status storage, interrupt control, data word 
counting, and data buffering, as directed by the device controller, are all performed by the BTC. 
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Figure 2-11. DMAC External Expansion Chassis 979A Tape System Interface/ Controller, 
960/980 System, NRZI Format Only 



2.7.2 TAPE COMMAND CONTROLLER FUNCTIONAL DESCRIPTION. The TCC consisting 
of four wire-wrapped circuit boards as shown in figure 2-15 operates in conjunction with the block 
transfer controller (BTC) to function as a direct memory access channel (DMAC) controller. The 
DMAC controller is the functional interface between the CPU direct memory access (DM A) port of 
either a Model 960 or Model 980 Computer and the Model 990 Transport Interface Unit. The TCC 
decodes commands from the CPU and provides proper commands to the TIU, monitors status 
information from the TIU and generates and stores appropriate status words into CPU memory. The 
TCC also packs and unpacks the 16-bit computer data word to provide 8-bit tape transport data. 
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Figure 2-12. 979 A Interconnection 960/980 System, NRZI Only 
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Figure 2-13. Block Diagram Showing Application of TCC 



2.73 TAPE INTERFACE UNIT FUNCTIONAL DESCRIPTION. The TIU is a subsystem of a 
tape controller which handles all format dependent functions of the phase-encoded (PE) operation 
and control of up to three tape transports read/ write electronics for 1600 bpi PE data format. An 
outline drawing of the tape interface unit is shown in figure 2-16. 

2.7.4 BTC AND TCC CIRCUIT CARD LOCATIONS. Locations of BTC and TCC circuit cards in 
the DMAC external expansion chassis are shown in figure 2-17. 

2.7.5 CHANNEL ADDRESS DATA (Block Transfer Controller #1). The channel address is set on 
the BTC #1 located in the DMAC external expansion chassis. Channel address is established on the 
wire-wrapped circuit boards by a wired, 14-pin platform. Refer to figure 2-18 for address data. The 
channel address for the multilayer printed wiring circuit boards is set by using either a rocker or a 
slide switch mounted on the circuit board. Refer to figure 2-19 for address data. 

2.7.6 979A MAGNETIC TAPE SYSTEM, INTERCONNECTION CABLING. Figure 2-20 is an 
interconnection diagram for the PE format tape transport operating in a typical 960 or 980 computer 
system environment. Figure 2-21 is an expanded view of the connections. 

2.7.7 960/980 SYSTEM CHECKOUT PROCEDURES FOR THE 979A TAPE TRANSPORT. 

Checkout procedures for 979A tape transport and interface/controllers are outlined in Section 5. 

2.8 990 TILINE INTERFACE/ CONTROLLERS, NRZI ONLY AND NRZI/PE 

There are two types of interface/ controllers that may be used between a Model 990 Computer and 
the 979A Tape Transport. One type may be used for operations involving NRZI 
recording/ reproducing formats; the other for PE or NRZI formatted data. Both 
interface/ controllers are described in the following paragraphs. 
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Figure 2-14. Block Transfer Controller 
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Figure 2-15. Transport Command Controller 
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Figure 2-16. Model 990 Transport Interface Unit 
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Figure 2-17. DMAC External Expansion Chassis 979A Tape System Interface/ Controller, 
960/980 PE Format 



2.8.1 PREINSTALLATION PREPARATIONS. This paragraph describes preparations which are 
most conveniently performed before the units are mounted, especially if physical access is limited in 
the final location. These preparations fall into the following categories: 

• 990/ 10 Chassis preparations 

• TILINE magnetic tape controller preparation 

2.8.1.1 990/10 Computer Chassis Preparation for the TILINE Magnetic Tape Controller. This 
paragraph describes 990/ 10 chassis preparation which is unique to the TILINE magnetic tape 
controller. Comprehensive installation data for the 990/10 is located in Model 990/ 10 Computer 
System Hardware Reference Manual, part number 945417-9701. 
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Figure 2-18. Wire Wrapped Circuit Board Address Data 
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Figure 2-19. Multilayer Circuit Board Address Data 
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Figure 2-20. 979 A Interconnection 960/980 System, PE Format 
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Figure 2-21. TCC-to-TIU-to-979A Interconnect Cabling 

If the TI LINE magnetic tape controller is shipped as part of a 990/ 10 Minicomputer System, much 
of this preparation is done at the factory. The controller will be assigned to a slot location (identified 
by a label on the chassis), the interrupt jumpers will be installed, and any backplane etch 
modifications will be incorporated. After the controller board switch settings are verified, the 
hardware will be compatible with the supplied software. 

The next three paragraphs may be skipped if the TMTC was purchased as part of a complete 990/ 10 
Minicomputer System. 

2.8.1.2 Selecting a Chassis Slot for the TILINE Magnetic Tape Controller (TMTC). Chassis slot 8 
(in a 13-slot chassis) is the first choice for the TMTC location, unless the factory has made another 
assignment or the location is unavailable for use. Slots 9 and 1 1 are the second and third choices, 
respectively. To select a compatible location in the computer chassis, it is helpful to know the general 
path of the TILINE access granted signals. 

The TILINE is a common data path which is connected to all slot positions in the 990/ 10 chassis. 
Users of this bus fall into two major types, masters and slaves. Slave devices are addressed by master 
devices and commanded to accept or transmit data. Some TILINE peripherals, including the 
TILINE magnetic tape controller, have both master logic and. slave logic. 

In order to resolve conflicts between multiple masters contending for TILINE control, a positional 
priority scheme is used. The TILINE access granted signal which establishes positional priority 
among masters is wired along the P2 side of the chassis. The TILINE master installed in the highest 
numbered slot has the highest priority, with priority decreasing with each slot toward the central 
processor location (or slot 1). 

The TILINE access granted signal from a higher priority master enters each master on P2, pin 6. The 
signal leaves the master on P2, pin 5. Logic on the master allows it to block the output to lower 
priority masters. Jumpers are installed on the backplane to assure line continuity across slots not 
occupied by TILINE masters. TILINE masters may be inserted at desired slot positions by removing 
the jumper between P2-5 and P2-6 (TILINE access granted) at the selected slot location. 
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Installing a board with TILINE master logic, such as the TMTC, requires that: 

• The TILINE access granted jumper (P2-5 to P2-6) must be removed from the chosen slot. 

• Continuity of the TILINE access granted lines between the highest priority master and the 
central processor board must be preserved. This means that if an intermediate slot is 
assigned to a TILINE master, that master must be installed to preserve continuity and to 
allow the priority system to function. 

2.8.1.3 Preparing a Slot Location for the TMTC. Current production assemblies have the TILINE 
access granted jumpers accessible from the connector side of the motherboard when all boards are 
removed from the chassis. These jumpers are shown in figures 2-22 and 2-23. Simply remove the 
jumper plug (or cut the jumper, if the jumper is a wire) for the selected TMTC slot, and reinstall all 
circuit boards in their proper location. As noted previously, the continuity of the TILINE access 
granted line from the highest TILINE master to the central processor must be preserved. Therefore: 

1. All slots other than those containing TILINE master controllers must have the TILINE 
access jumper installed. 

2. All master controllers must be installed in their proper location. 

If the chassis is an early production version (i.e., it does not have jumpers as shown in figures 2-22 or 
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granted jumpers. For these chassis, the following steps should be followed: 

1. Turn off power and unplug the ac line cord. 

WARNING 

Lethal voltages are exposed when the access cover is removed. Power 
supply capacitors may retain charges long after ac power is removed. 

2. Remove the left access cover (as viewed from the front of the chassis). The cover is 
fastened by four or six hex head machine screens. 

3. If the chassis is a 13-slot unit with a 20-amp power supply, slots 1 through 6 are visible 
above the power supply. To work on them, move ahead to step 5. 

4. Remove the power supply as follows: 

a. Disconnect the color-coded connectors from the component side of the power supply 
board. 

b. Unscrew the machine screws and standoffs which secure the power supply to the 
frame and to the motherboard. 

c. Carefully pull the power supply board straight forward until the connector at the 
bottom center of the power supply board is disengaged from the pins protruding 
from the motherboard. Lift the power supply board out of the chassis. 

5. The rear of the motherboard is now exposed. The P2 connectors are at the left side, closest 
to the fan. Refer to figure 2-24, which gives detailed views of the left end of the P2 
connector in a 13-slot and a 6-slot chassis. 
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Figure 2-22. TILINE Access Granted Jumper Locations for 6-Slot Chassis 
(Current Production) 



In a 13-slot chassis, the TILINE access granted jumpers (P2-5 to P2-6) are wire loops 
soldered to the connector pins, as shown in view A. 

In a 6-slot chassis, the jumpers are part of the printed circuit board etch, as shown in view 
B. Note that pins 1 and 2 are concealed by the ground plane. 

To remove a jumper in the 13-slot chassis, clip the wire loop in two places and remove the 
excess wire. To remove a jumper in the 6-slot chassis, cut the jumper etch at two points 
with an X-acto* knife and lift or scrape away the excess conductor. 

To install a jumper, solder a short length of #26 AWG wire between P2-5 and P2-6. 

To reinstall the power supply, proceed as follows: 

CAUTION 

The male pins protruding from the lower center of the motherboard 
are subject to bending if the mating connector on the power supply is 
not properly aligned with these pins. 



*X-acto is a registered trademark of X-acto Corporation. 
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Figure 2-23. TILINE Access Granted Jumper Locations for 13-Slot Chassis 
(Current Production) 
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Figure 2-24. TILINE Access Granted Jumpers on the 990/10 Motherboard 

Slip the power supply over the cable harness and into the side of the chassis. The 
metal-shell jumper connector (for the standby power supply) should appear at the 
bottom center of the power supply board. 

Align the power supply circuit boards on the two alignment pins and carefu/Iv slide 
the board straight back so that the pins protruding from the motherboard slip into 
the connector on the power supply circuit board. View of these pins is blocked by the 
power supply board. 

c. Reinstall the machine screws and standoffs which hold the power supply in place. Do 
not omit the lockwashers, as both mechanical and electrical connections are made by 
the machine screws and standoffs. 

d. Reconnect the power supply to the wiring harness by installing the color-coded 
plastic connectors. 

7. Replace the access cover. 

2.8.1.4 Interrupt Connections. Interrupt connections required to interface peripheral equipment to 
the 990/ 10 processor are usually made before the system is delivered to the customer. These interrupt 
assignments are coordinated with the software supplied with the system. However, if a controller, 
such as the TMTC, is not purchased as part of a system, the user may have to make the interrupt 
connections as part of the board installation. Standard Texas Instruments software expects to find 
the TILINE magnetic tape controller interrupt assigned to interrupt level 9, which is connected to 
slot 8 in the standard chassis configuration. If the controller is installed in slot 9 or 1 1, the interrupt 
jumpers will have to be changed, or a different interrupt level assigned to the software. 

The 990/10 processor has 16 interrupt levels, numbered through 15. Interrupt level 0, which is 
internal to the processor, has the highest priority. Interrupt levels 3, 4, and 6 through 15 are external 
inputs which are available for assignment to peripheral controllers installed in the chassis. Interrupt 
level assignments must be coordinated with the software, so that the processor may correctly respond 
to (and clear) the interrupts. 
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Chassis backplane wiring brings the interrupt output lines from slots 2 through 13 and the processor 
interrupt inputs lines to wire-wrapped pin headers adjacent to slot 1. Jumper wires between the pins 
connect the circuit board interrupt outputs to the processor interrupt inputs. These jumpers may run 
directly from pin-to-pin, or may be mounted on jumper plugs which slip over the pins. Figure 2-25 
shows the jumper plugs installed in the chassis. The jumper wires are omitted for clarity. 

There are two rows of pins in the header. The top row has 15 pins connected through the 
motherboard to the 15 interrupt levels of the processor. Additional pins on the top row are provided 
in the 13-slot chassis for special configurations such as CRU expansion. The bottom row contains 48 
pins in a 13-slot chassis or 20 pins in a 6-slot chassis. Two of these pins are wired to each of the 
possible circuit board interrupt outputs. This allows multiple interrupts to be connected to one 
interrupt level. 

Interrupt pin assignments are shown in figures 2-26 and 2-27, which is a view of the jumper plugs as 
seen from the jumper wire side. The X marks identify jumper plug positions which have no 
corresponding pins on the header. The O marks identify jumper plug positions which have no 
corresponding pins on the early production header. 

The configuration chart on top of the chassis details the interrupt level and chassis slot assignments. 
Any modifications should be recorded on the chart. 

The detailed procedure for assigning and changing interrupt levels is presented in Model 990/10 
Computer System Hardware Reference Manual, part number 945417-9701. The information 
presented here is a brief summary of that procedure. 

CAUTION 

Do not remove or install any circuit board or modify any jumper 
while power is applied to the 990/10. 
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Figure 2-25. Location of Interrupt Jumpers (6 and 13-Slot Chassis) 
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Figure 2-26, 6-Slot Interrupt Juniper Plugs 



To gain access to the interrupt jumpers, remove the circuit boards installed in slots 1 through 5. The 
interrupt jumpers will be visible on the motherboard just above the slot 1 connectors. The interrupt 
output of a full-sized board, such as the TMTC, is on P2 of the assigned slot location. Therefore, if 
slot 8 is chosen for the TMTC, the interrupt output will be found at 8P2 of the wire-wrapped pin 
header. A single jumper should be run from 8P2 pin to the selected interrupt level input to the 
processor. Level 9 is standard for Texas Instruments tape control software. A jumper is installed 
between 8P2 and level 9 as part of the standard 990 chassis configuration. 

After completing any interrupt jumper modifications, carefully reinstall the removed circuit boards 
(component side up) according to the configuration chart fastened to the top of the computer. 
Update the configuration chart to correspond to the interrupt jumper modifications. 

NOTE 

System software is highly dependent on the interrupt structure of the 
computer. Any deviations from standard interrupt configurations 
must be brought to the attention of the system programmer before or 
during software installation. 

2.8.1.5 NRZI TILINE Magnetic Tape Controller Preparations. Figure 2-28 is a photograph of the 
basic NRZI version of the TMTC printed wiring board (PWB) circuit board, part number 2261630; 
figure 2-29 is a photograph of the basic NRZI version of the TMTC multiwire (M W) circuit board, 
part number 947555. Connectors J5 and J6, which mate with the controller/ transport cable, are on 
the top left edge of the circuit boards, as viewed from the component side. 
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Figure 2-27. 13-Slot Chassis Interrupt Jumper Plugs 
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Figure 2-28. TILINE Magnetic Tape Controller (NRZI), PWB 
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On the NRZI PWB controller board, there is one DIP (dual in-line package) switch module located 
at H03; on the NRZI MW controller board, there are two DIP switch modules, one at K06 and one 
at K07. Figures 2-30 and 2-31 show the correct settings for these switches. They must be manually set 
up prior to operation. Even if the tape system was purchased as part of the 990/ 10 Minicomputer 
system, the switch settings must be verified because the switch settings may have been changed 
during the packing, shipping, or unpacking stages. 

The NRZI PWB controller board has two groups of movable jumpers; one group is located at K07 
and the other is located at N07 (see figure 2-28). Figure 2-32 shows the jumper configuration at each 
location. The NRZI MW controller board has no movable jumpers. 

The DIP switch settings fall into four basic categories: 

• TILINE base address (PWB and MW) 

• 990/ 10 computer selection (PWB and MW) 

• Tape speed (MW only) 

• Transport types: 800/1600 bpi (MW only) 

Setting NRZI Controller TILINE Base Address Switches. The controller must be assigned a TILINE 
base address so that the 990/ 10 processor can control the TMTC. There are eight individual 16-bit 
TILINE words which the processor can write to, or read from, the TILINE slave logic of the TMTC. 
Each of these words is assigned a unique address in the TILINE address space. These word addresses 
run sequentially from the TILINE base address to the base address +7 word addresses. 

The TILINE base address assignment for the controller must be coordinated with the operating 
software. Standard Texas Instruments software expects to find the TMTC at TILINE base address 
FFC40i6, which corresponds to CPU byte address F880i 6 . The tables illustrated in figures 2-30 and 
2-31 show how to set the address switches on the board to FFC40i 6 . Other address settings should 
not be used except on advice from an authorized Texas Instruments' representative, or as specified as 
part of the system package. 

Additional TILINE information may be found in the 990 Computer Family Systems Handbook, 
part number 945250-9701 and Model 990/10 Computer System Hardware Reference Manual, part 
number 945417-9701. 

Setting the Other NRZI Controller Switches. The first three switch positions at H03 for the PWB (at 
K07 for the MW; see figures 2-30 and 2-31) adapt the NRZI controller board to 990/ 10 timing and 
power failure reset signals. The mandatory positions for these three switches are indicated on the 
figure. The heavy black line identifies the position of the slide switch. 
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Figure 2-30. NRZI Tape Controller Switch Settings, PWB 
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Figure 2-31. NRZI Tape Controller Switch Settings, MW 
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NOTE 

The remainder of this paragraph discusses only the MW switches 4 
through 8 because PWB switches 4 through 10 are TILINE base 
address switches which are discussed in the preceding paragraph. 

Switch section 4 of K07 must be ON for the 952.5 mm (37.5 inches) per second speed of the standard 
979A magnetic tape transports. 

Switch sections 5, 6, 7, and 8 are the type selection switches for transports 1, 2, 3, and 4, respectively. 
The possible type selections for a transport are: 

ON = 1600 bpi, PE 

OFF = 800 bpi, NRZI 

In a multiple transport daisy chain configuration, transport 1 is the transport closest to the controller 
and transport 4 is the last transport in the daisy chain. NRZI and PE transports may not be mixed in 
the daisy chain, unless the 800/1600 bpi TMTC is installed. 

In a single transport system, the type selection switch for transport 1 must be set to correspond to the 
transport type. The remaining three type selection switch settings may be either ON or OFF in this 
case. 

2.8.1.6 PE/NRZI TILINE Magnetic Tape Controller Preparations. Figure 2-33 is a photograph of 
the PE/NRZI version of the TMTC PWB circuit board, part number 2261635; figure 2-34 is a 
photograph of the PE/NRZI version of the TMTC MW circuit board, part number 948990. 
Connectors J5 and J6, which mate with the controller/ transport cable, are on the top left edge of the 
circuit board. There is a single DIP switch module, located at K08 on the PWB (at K07 on the MW), 
on the PE/NRZI controller board. 

The switch module contains eight SPST slide switch sections, as shown in figure 2-35, These switches 
must be manually set up prior to operation. Even if the tape system was purchased as part of the 
990/10 minicomputer system, the switch settings must be verified because the switch settings may 
have been changed during the packing, shipping, or unpacking stages. 

The DIP switch settings fall into three basic categories: 

• 990/ 10 computer selection 

• TILINE base address 

• Transport types (800/ 1600 bpi) 

The first three switch positions at K08 for the PWB (at K07 for the M W) adapt the controller board 
to 990/ 10 timing and power failure reset signals. The mandatory positions for these three switches 
are indicated in figure 2-35. The heavy black line identifies the position of the slide switch. 

Switch section 4 selects the TILINE base address so that the 990/ 10 processor can control the 
TMTC. There are eight individual 16-bit TILINE words which the processor can write to, or read 
from, the TILINE slave logic of the TMTC. Each of these words is assigned a unique address in the 
TILINE address space. These words addresses run sequentially from the TILINE base address to the 
base address +7 word addresses. 
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Figure 2-32. NRZ1 Tape Controller Movable Jumper Configuration, PWB 
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Figure 2-33. TILINE Magnetic Tape Controller (PE/NRZI), PWB 
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Figure 2-34. TILINE Magnetic Tape Controller (PE/NRZI), MW 
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Figure 2-35. PE/NRZI Tape Controller Switch Settings 

The TILINE base address assignment for the controller must be coordinated with the operating 
software. Standard Texas Instruments software expects to find the TMTC at TILINE base address 
FFC40i6, which corresponds to CPU byte address F880i 6 . 

If two magnetic tape controllers are installed in a system, standard software expects to find the 
second controller at TILINE base address FFC48 i6 , which corresponds to CPU byte address F890. 

Switch section 4 allows selection of TILINE base address FFC40 (OFF) or FFC48 (ON). 

Additional TILINE information may be found in the 990 Computer Family Systems Handbook, 
part number 945250-9701 and Model 990 jW Computer Svstem Hardware Reference Manual, part 
number 945417-9701. 

Switch sections 5, 6, 7, and 8 are the type selection switches for transports l„ 2, 3, and 4, respectively. 
The possible type selections for a transport are: 

ON = 1600 bpi, phase encoded 

OFF = 800 bpi, NRZI 

In a multiple transport daisy chain configuration, transport 1 is the transport closest to the 
controller. Transport numbers increase as distance from the controller (along the chain) increases. 
NRZI and PE transports may be mixed in the daisy chain. 

In a single transport system, the type selection switch for transport 1 must be set to correspond to the 
transport type. The remaining three type selection switch settings may be either ON or OFF in this 
case. 
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The PE/NRZI PWB controller board has a group of movable jumpers located at JJ12 (see figure 
2-33). The PE/NRZI MW controller board has no movable jumpers. 

2.8.1.7 Installing the TILINE Magnetic Tape Controller Board. 

CAUTION 

Do not remove or insert any circuit board or cable connector while 
operating power is applied to the system. 

With system power off, install the controller circuit board in the assigned slot location of the 990/ 10 
chassis. Circuit boards are installed with the component side up. Make sure that the circuit board 
edge connectors mate firmly with the motherboard connectors and the circuit board tab ejectors fit 
snugly against the chassis frame. 

2.8.2 SYSTEM CABLING. 

2.8.2.1 Cabling a System with a Single Transport. Refer to figure 2-36 and proceed as follows: 

1. Disconnect all power from the 990 chassis and the Model 979 A Tape Transport. 

2. The controller/transport cable, part number 949003, may already be connected to the 
controller. If not, carefully align the molded arrowhead on cable connector P5 with the 
arrowhead on controller connector J5, and mate the connectors. Do the same for J6 and 
P6. Dress the cable to the rear of the 990 chassis, and clamp firmly in the U-shaped plastic 
cable clamp. 

3. The transport end of the controller/ transport cable is a printed circuit card with an edge 
connector. This printed circuit card fits into a card slot in the 979A transport card cage. 
The card cage is located at the rear of the transport, as shown in figure 2-36. With the cable 
dressed downward, carefully insert the connector card into slot location J4. 

4. Install the terminator card, part number 948238-1, into slot location J5, with the 
component side on the left. 

2.8.2.2 Cabling a System with Multiple Transports. Refer to figure 2-37 and proceed as follows: 
1. Disconnect all power from the 990 chassis and all the transports. 
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Figure 2-36. Single — Transport System Cabling 



2. The controller/ transport cable, part number 949003-0001, may already be connected to 
the TMTC. If not, carefully align the molded arrowhead on cable connector P5 with the 
corresponding arrowhead on controller connector J5, and mate the connectors. Align the 
arrowheads on cable connector P6 and J6 and mate the connectors. Dress the cable to the 
rear of the chassis and clamp firmly in the cable clamp. 

3. The transport end of the controller/ transport cable is a printed circuit board with an edge 
connector which goes into the 979 A card cage. Face the rear of transport # I , with the cable 
dressed downward from the PC board. Carefully insert the PC board into slot J4, as 
shown in figure 2-37. 

4. Interconnections between the other units in the chain are made by daisy chain cables, part 
number 948218-0002. and daisy chain terminator, part number 948238-0002. These cables 
are symmetrical, with identical connectors at the ends. The daisy chain terminator is the 
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Figure 2-37. Multiple — Transport System Cabling 
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same as the terminator but without components mounted on the board. Facing the rear of 
transport #1, the daisy chain terminator is inserted into J5, with the component side (side 
with component designation markings) on the left. With the daisy chain cable dressed 
downward, seat the cable edge connector on the daisy chain terminator in J 5. 

5. The other end of the cable along with another daisy chain terminator, should be installed 
in slot J4 of the next transport. This transport is now transport unit 2. 

6. Repeat steps 4 and 5 until all the transports have been connected. 

7. Install the terminator card, with the component side facing left, in slot J5 of the last 
transport in the chain. 

8. Check to assure that there is a continuous cable path from the controller through all 
transports to the terminator. The transport unit number assignments are automatically 
made by permutations in the daisy chain wiring of the transports. 
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SECTION 3 
OPERATION 



3.1 GENERAL 

The 979A Tape Transport may be locally operated from the control panel and remotely controlled 
by means of computer-controller. Some specific controller interface characteristics and programs for 
the 979A are described in the reference publications listed in the Preface. 

The following paragraphs describe cleaning procedures, local controls and indicators, tape threading 
and loading, rewind and unloading, and write and read. 

3.2 CLEANING PROCEDURES 

Clean heads and tape guides are a prerequisite for optimum performance of the 979A Tape 
Transport. 

3.2.1 DAILY CLEANING. The cleaning procedure specified in table 3-1 should be performed on a 
daily basis. Refer to figure 3-1. 

Table 3-1. Daily Cleaning Procedures 

CAUTIONS 

1. Before cleaning, the transport should be unloaded and the tape removed. 

2. Use only denatured alcohol on the tape heads. 

3. Avoid finger contact with tape heads or other surfaces which contact the 
tape. 

4. Care must be taken not to misalign or scratch the tape heads, cross-talk 
shield, BOT sensor, or tape guides. 

5. Do not use abrasive, highly alkaline cleansers or organic solvents on 
Lexan® door or vacuum column cover. 



Item 

Transport door interior, 
mounting plate 

Internal guides, ceramic 
guide rings 



Tape heads, cross-talk 
shield 

Tape cleaner 



Materials 

Lint-free cloth 



Denatured alcohol, 
lint-free cloth, 
small brush 

Denatured alcohol, 
cotton swabs 

Small brush 



Methods 

Open transport door, and wipe all ex- 
posed surfaces including door interior. 

Wipe off internal guides. Check for 
loose oxide under the ceramic guide 
rings. Brush out if necessary. 

Wipe off surfaces. 



Inspect tape cleaner, and lightly brush 
off dust and oxide contaminants as 
necessary. 



® Registered trademark 
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NOTE: TAPE SHOULD SE PULLED SLACK-FREE ACROSS VACUUM 

COLUMN TURNAROUND ROLLERS DURING THREADING OPERATION 



Figure 3-1. Tape Cleaning and Threading Details 



NOTES 



No 



1. All motors, guides, and bearings are permanently lubricated, 
lubricants are required for any of the transport assemblies. 

2. Hairline scratches and minor abrasions in the transport door may be 
polished and filled with mild automobile polish. 

3.2.2 PERIODIC CLEANING. The vacuum column and capstan should be cleaned on a periodic 
schedule of approximately 150 hours operation in a dust-free environment. Refer to figure 3-1 and 
table 3-2 for the periodic cleaning procedures. 

3.3 CONTROLS AND INDICATORS 

Figure 3-2 depicts the front panel controls and indicators which provide for local manual control and 
status indication of the 979A Tape Transport. Table 3-3 defines the functions of the controls and 
indicators. 
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Disassembly: 



Reassembly: 



Table 3-2. Periodic Cleaning Procedures 

NOTE 

The vacuum column and capstan should be cleaned on a periodic schedule of 
approximately 150 hours operation. This assumes operation in a dust-free 
environment with the transport door closed. Those users who operate under 
more severe environmental conditions will need to clean more frequently to 
assure best reliability. 

CAUTIONS 

1. The vacuum column cover is glass-type plate retained under a metal trim 
cover. Take care not to chip or scratch the plate or twist it against the 
guide pins during assembly or disassembly. 

2. Use only denatured alcohol on the capstan assembly. Other cleaners may 
damage the rubberized surface. 

3. Do not use abrasive, highly alkaline cleansers or organic solvents on 
transport door or vacuum column cover. 

Remove vacuum column trim cover by pressing inward and sliding upward about one-quarter 
inch off the cover retaining pins. Remove the glass-type plate by lifting straight outward off 
its guide pins, taking care not to twist or drop the glass-type plate during disassembly. 

After completing cleaning procedures, carefully replace the vacuum column glass-type plate 
and trim cover. 



Item 

Vacuum Columns 

Vacuum Column Cover 
Turnaround Rollers 



Capstan 



Materials 

Denatured alcohol, 
lint-free cloth 

Lint-free cloth 

Denatured alcohol, 
cotton swabs 



Denatured alcohol, 
lint-free cloth or 
cotton swabs 



Methods 

Clean vacuum column tape 
tracks. 

Wipe the glass-type plate. 

Check the rollers for oxide 
deposits and foreign matter. 
Clean with denatured 
alcohol and cotton swabs 
as necessary. 

Inspect the capstan for 
oxide deposits and other 
contamination. Wipe clean 
with denatured alcohol and 
lint-free cloth (or cotton 
swabs) as necessary. Do not 
substitute other cleaners as 
they may damage the 
rubberized surface of the 
capstan. 
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Figure 3-2. Model 979A Tape Transport Control Panel 



Control 

ON/OFF 
RESET/LOAD 



REWIND/ UNLOAD 



Table 3-3. 979A Controls and Indicators 

Function 

Switches ac power to tape transport. 

The RESET switch stops tape motion, takes the transport out of the 
remote mode, and enables local control. 

After tape reels are installed and tape is threaded, the LOAD switch 
initiates the automatic loading action. Tape is pulled into the vacuum 
column, and the transport drive automatically searches and positions the 
tape at the BOT marker. 

If the BOT marker is positioned too near the BOT sensor to permit 
sufficient tape to load the lower vacuum loop, BOT sensing will precede 
vacuum column sensing and the tape drive electronics will lock out 
further tape motion. To recover, press RESET switch, move tape forward 
so that the BOT marker is on the takeup reel side of the BOT sensor, and 
reinitiate the LOAD sequence. 

Providing the tape is loaded, the LOAD switch will reestablish remote 
mode, after remote has been terminated by RESET. 

While the transport is in the unload mode, the RESET/ LOAD switch will 
not stop the unload operation after the BOT marker has been sensed. 

The REWIND switch initiates a high-speed (3810.0 mm (150.0 inches) per 
second) tape rewind onto the file reel. Rewind is terminated by sensing 
and automatically positioning the BOT marker in the same location as in 
the load sequence. 

The UNLOAD switch initiates high-speed rewind until the BOT marker is 
sensed. At BOT, vacuum decays while tape is rewound slowly onto the file 
reel. 
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Table 3-3. 979A Controls and Indicators (Continued) 

Indicator Function 

READY The READY lamp indicates that the tape transport is in the remote mode 

and not rewinding. 

SELECT The SELECT lamp indicates that the particular transport is selected by 

the control unit. 

FILE PROTECT The FILE PROTECT lamp indicates that the transport is inhibited from 

writing because the write enable ring is not on the file reel. 



3.4 TAPE LOADING 

Tape loading and threading for the 979A is performed in the following manner: 

NOTE 

If power is turned "off, wait five seconds before reapplying power to 
establish proper preset operation. 

1. Turn power ON /OFF switch "on" 

2. If a fixed reel is not present, install a takeup reel on the lower hub, seating it firmly against 
the hub lip and locking it into place. 

3. If file protection is required, verify that the write enable ring is not on the file reel before 
installing the reel. Place the file reel onto the upper hub, seating it firmly against the hub 
lip and locking it into place. 

NOTE 

If data is to be written on tape, the write enable ring must be installed 
on the file reel to enable the write electronics. This ring is placed in 
the groove backside of the reel just around the hub opening. When 
the reel is installed, the ring should engage the write enable sensor 
pin. 

4. Thread the tape from the file reel to take up reel over the guide rollers, head, and capstan 
and onto the takeup reel so that clockwise rotation will wind tape onto the takeup reel. See 
figure 3-1. The cross-talk shield is spring loaded against the heads and should be swung 
away from head while threading the tape through the opening. Wrap three to five turns of 
tape around the takeup reel. 

When tape is first loaded, it must be pulled free of slack so that the tape lies straight across 
the top and bottom roller guides of the vacuum column. 
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NOTE 

To ensure that sufficient tape is provided to establish the lower loop 
in the vacuum chamber, verify that the BOT marker does not fall 
between the upper guide roller and the BOT sensor. BOT sensing 
prior to lower loop vacuum column sensing will lock out the tape 
drive electronics. 

5. Press the LOAD switch. After a brief delay to pull vacuum, tape loops will form in the 
vacuum column, tape will be wound on the takeup reel, and the transport drive will 
position the tape at the BOT marker. If the BOT marker is placed beyond the BOT sensor 
during threading, forward search will cease after 1 1 seconds and reverse search for the 
BOT marker will automatically be initiated. 

3.5 MID-REEL RELOADING 

If during tape mid-reel operation, power is removed or vacuum is lost, a mid-reel reloading sequence 
will be required. The tape should be threaded around the guides, heads, and capstan as shown in 
figure 3-1 and all slack tape wound onto the supply reel (from the vacuum column). Push RESET, 
then LOAD, and wait for automatic loading to start. When tape starts forward search, push RESET 
and tape motion will stop. The transport is now ready for local mode operation. For remote control, 
press LOAD. 

* u WFwnvn AMD IIWTAAn 

The rewind and unload operations may be remotely controlled for any transport in a single or 
multiple unit installation. When the transport is in the remote mode (ready status true) and selected, 
a low level on the remote rewind interface line initiates the rewind sequence. The ready line is high 
and the rewind status line is low during the rewind sequence, and at completion, both these status 
lines toggle to opposite states. 

The interface cables have five select and five rewind status lines for individual remote control of each 
transport in a multiple unit configuration. All other control interface lines are common to all 
transports. A given transport can rewind (and show rewind status) without maintaining select status, 
so that the controller can select another transport and still monitor rewind status of the given 
transport. 

The rewind operation performs fast tape rewind at approximately 3.8 metres (12.5 feet) per second 
until BOT sensing, which initiates tape reversal to position the tape at the BOT marker as in the load 
operation described in paragraph 3.4. A full reel of tape (731 .5 metres = 2400.0 feet) will rewind in 
less than 200 seconds. 

When the transport is in the remote mode, a low level on the remote unload line initiates the unload 
sequence. The ready line is high during unload. The unload sequence performs fast tape rewind until 
the BOT is sensed. The tape is then slowly wound onto the supply reel until the takeup reel is empty. 

The only recovery from the unload sequence after the BOT sensing is manual rethreading and 
manual initiation of the load sequence. Prior to detection of BOT, the unload sequence can be 
terminated by pressing the RESET switch. 

The local REWIND/ UNLOAD switch has control only when the transport is in the local mode, 
which is established by pressing the RESET switch. 
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3.7 WRITE 

To write data on tape, the transport must be loaded, ready, and selected. The write enable ring must 
have been installed on the supply reel. The tape controller must initiate write set and tape drive 
commands. The write analog threshold is set at a high level to insure recorded data integrity. Data 
must be restricted until 15.2 mm (0.6 inch) of tape has passed the head, and then high-to-low 
transitions of the write clock signal will record data from the write data lines. At the completion of a 
data block, write-reset and write-clock signals are used to generate the Longitudinal Redundancy 
Check Character (LRCC) on tape. After write-reset, tape motion may be stopped; however, write 
current is maintained to prevent switching transients in the inter-record gap. Write data rate is 30,000 
characters per second (800-BPI at 37.5 ips). 

In the PE format, phase encoded write data is applied directly to the write amplifiers. A write clock is 
not used. A high write data line magnetizes the tape with the erase polarity; a low write data line 
magnetizes the tape with the nonerase polarity. 

The write function is inhibited by any of the following actions: 

• Removing the write enable ring 

• Pressing the local RESET switch 

• Making set read line low 

• Reversing tape motion by REWIND, UNLOAD, or REVERSE commands. 

3.8 READ 

Two read signal threshold values are used, depending on the write or read operation. During write, 
the read threshold is high to insure recorded data integrity. In the read only mode, the threshold is 
made half its value during the write mode to permit detection of marginal data. When valid data is 
detected by the read circuitry, data and clock are presented to the controller. 
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SECTION 4 
THEORY OF OPERATION 



4.1 GENERAL 

This section describes the theory of operation for the Model 979 A Tape Transport system. The 
description is covered in two parts: 1) control and data transfers between transport and system tape 
controller and, 2) control and data signals processed within the tape transport. 

Interface control signals transferred between controller and transport are essentially the same 
regardless of the system type being supported, 960, 980, or 990. However, there are two different 
types of data signals that may be transferred depending upon the format type being used in a 
transport, NRZI or PE. These formats are described in Section 1. 

Methods or functions performed within the transport are further divided into descriptions of 
subassemblies and their interaction. 

4.2 SYSTEM-TAPE TRANSPORT, INTERFACE 

A general block diagram of system and tape transport interface is shown in figure 4-1. A description 
of the signals carried on these lines follows. 



960, 980 OR 990 
MAGNETIC 
TAPE 
CONTROLLER 
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FILE PROTECT 



BOT DETECTED 



EOT DETECTED 



> 



MODEL 979A 
TAPE TRANSPORT 



TRANSPORT 
CONTROL 



> 
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Figure 4-1. System - Tape Transport, Interface Lines 
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4.2.1 INTERFACE SIGNAL FUNCTIONS. Signals exchanged between controller and tape 
transport(s) fall into four categories; write, read, transport control, and transport status. All of these 
signals are active low TTL levels. 

The transport control signals allow the controller to select one of four possible transports when 
supporting a 990 system, or one of three transports when supporting either a 960 system or a 980 
system. When selected by the controller, the transport is in the remote mode. The RESET/ LOAD 
switch must, however, be in the LOAD position to allow remote control. 

The transport control signals are: 

• Transport Select 1 — 4 (SELECT— to SELECT4 — )*. These signals are used to select 
transport 1 , 2, 3, or 4 for an operation. Only one of these lines should be low at a time. The 
transport select signal for a given transport enables it to accept the other signals from the 
controller and to send signals to the controller. The tape rewinding status signals are the 
sole exception. They are generated without regard to which transport, if any, is selected. 

• Remote Forward (RFWD — ). This signal controls the direction of motion of the selected 
tape drive. Logic zero indicates forward direction and logic 1 indicates reverse. (NRZI 
operations only.) 

• Remote Go (RGO — ). This signal enables tape motion in the direction specified by 

• Remote Rewind (RREW — ). This signal will initiate rewind action in a selected and ready 
transport. The rewind operation will continue to completion once initiated by RREW — . 

• Remote Unload (RUNL — ). This signal will initiate a rewind and tape unload operation 
on a selected and ready transport. Once initiated, the rewind and unload operation 
continues to completion. 

The transport status signals are: 

• Ready (READYSTAT— ) or (XRDY). This signal indicates that the selected transport is 
ready and not rewinding. 

• Tape Rewinding 1 — 4 (REWINDSTAT1 — to REWINDSTAT4 — ) or (XRWD). A low 
REWINDSTAT(N) — signal indicates that transport N is rewinding. The transport does 
not have to be selected. 

• Read Status (READSTAT— ) or (XREAD). This signal indicates that the selected and 
ready transport is in the read mode. 

• File Protect (FPST — ) or (XFPT). This signal indicates that there is not a write ring on the 
selected transport. 

• BOT Detected (BOTSTATOUT— ) or (XBOT). This signal indicates that the beginning- 
of-tape (BOT) sensor on the selected transport has detected the BOT marker on the tape. 

• EOT Detected (EOTSTATOUT— ) or (XEOT). This signal indicates that the end-of-tape 
(EOT) sensor on the selected transport has detected the EOT marker on the tape. 



*When supporting a 960 or 980 system, three transports may be selected. 
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The write signals are: 

• Write Data 1—9 (WRITEDATA1 — to WR1TEDATA9 — ). These are the data lines 
which carry the information to be written on tracks 1 — 9. Data on these lines must be valid 
0.5 microsecond before and after the write clock pulse occurs for a NRZ1 system. The 
binary weights of these signals are: 



inary Weight 


WRITEDATA(N) 


2 7 (MSB) 


7 


2 6 


6 


2 5 


5 


2 4 


3 


2 3 


9 


2 2 


1 


2 1 


8 


2° 


2 


Parity 


4 



• Write Clock (WRITECLOCK— ) or (WCLK). This causes the character on the write data 
lines to be written on the tape. (NRZI only) 

• Set Write Mode (SETWRITE — ). This signal causes a selected and ready transport to go 
into the write mode of operation. It causes the read status signal from the transport to go 
inactive. 

• Write Reset (WRITERESET— ) or (WRSET). This signal resets the write register of the 
selected and ready unit if a write clock occurs when it is active. This signal is used to write 
all-zeros characters (including zero parity) on the tape. (NRZI only) 

The read signals are: 

• Read Data 1—9 (READDATA1— to READDATA9— ) or (RDDAT). These lines are 
used to read a 9-bit character (8 data + 1 parity) from the transport. The data is valid 
approximately 0.5 microseconds before the read clock pulse in a NRZI system. 

• Read Clock (READCLOCKOUT— ) or (RDCLOCK). This pulse is generated by a NRZI 
transport to indicate that data is present on the read data lines. (NRZI only) 

• Set Read Mode (SETREAD— ). This signal places the selected and ready transport in the 
mode. The transport responds with a read status signal. 

4.2.2 INTERFACE SIGNAL LEVELS. Standard logic levels for interface lines are defined and 
illustrated in figure 4-2. Turnaround time is 20.2 ± 2 milliseconds as measured from the drop of the 
GO signal to the attainment of 96 percent of the steady state speed in the opposite direction at 952.5 
mm (37.5 inches) per second. 

Up to four transports may be connected in a daisy chain configuration to one controller in a 990 
system; up to three transports in a 960 or 980 system. There are two types of cables required when 
transports are connected in a daisy chain configuration. One cable connects the interface/ controller 
to the first transport in a system and the second cable connects the transports. A terminator card is 
required in the last transport of the chain. 
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Figure 4-2. Interface Logic Levels 

4.3 TAPE TRANSPORT CIRCUITS 

The following paragraphs describe processing of control and data signals at a subassembly level 
within the tape transport. Each subassembly is described by highlighting functions performed by the 
circuit and by generally describing the cause and effects related to these functions. Figure 4-3 is a 
functional block diagram of the tape controller. All descriptions are based upon operation at 1 15 
Vac, 60 Hz with a tape speed of 952.5 mm (37.5 inches) per second. Both recording formats, PE and 
NRZI, are described under descriptions of data and data control circuits. 

NOTE 

Only one type format is used per transport. However, in a magnetic 
tape system with multiple transports and the appropriate controller, 
formats may be mixed. 

The descriptions are arranged in the following order: 

• Power supply and power distribution 

• Logic card descriptions 

a. Capstan/ regulator card 

b. Reel servo control card 

c. Motion control logic cards (two types) 
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Figure 4-3. Model 979A Functional Block Diagram 
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d. NRZI data control with track 1 data circuit 

e. NRZI data dual channel cards (four cards, each containing two track data circuits) 

f. PE data control with track 1 data circuit 

g. PE data dual channel cards (four cards, each containing two track data circuits) 

4.3.1 POWER SUPPLY AND POWER DISTRIBUTION. See assembly 948212 and schematic 
948159, in the Model 979 A Tape Transport Subsystem Drawings Manual, part number 949613- 
9702. The 979A tape transport power supply chassis is located at the top rear of the transport 
assembly and contains transformer, rectifiers, filters, fuses and series-pass-transistor regulators Ql 
through Q4. Next to each pass transistor is a test point for monitoring the regulated voltages. 
Secondary voltages from input transformer Tl are applied to bridge rectifiers CR2 and CR1 where 
± 20V unregulated and ± 12V unregulated, respectively are developed (figure 4-4). These rectifiers 
are located on the lower right side of the power supply assembly. All unregulated voltages from the 
rectifiers have fuses mounted on the rear of the power supply assembly at the right side. The 20-volt 
unregulated voltages are sent in parallel to: 1) motor circuits via relay Kl and, 2) regulator circuits on 
the capstan/ regulator board. The 12-volt unregulated voltages are sent to the capstan/ regulator, 
only. 

Circuits on the canstan/ regulator sijnnlv feeHhact vnltaoe« tn th* c^ri*»«-r»Q«c trancjctorc ni thrrmrrh 
Q4. As the value of feedback voltages changes, conduction through the pass transistors changes and 
maintains voltages at less than ± 10 percent of the rated output. 

4.3.2 LOGIC CARD DESCRIPTIONS. 

4.3.2.1 Capstan/ Regulator Board. See assembly 216545 and schematic 216508 in the Model 979 A 
Tape Transport Subsystem Drawings Manual, part number 949613-9702. Four functions are 
performed by this card: 

• Speed and directional control of the capstan motor 

• Power supply voltage regulation and protection 

• Drive circuits for lamps and relays 

• Sensor amplifiers for BOT and EOT detectors. 

Capstan Drive Control Circuit. This circuit, shown in figure 4-5, controls tape drive in the forward 
and reverse directions across the read/ write head at a constant 952.5 mm (37.5 inches) per second. 
Drive speed is governed by a tachometer mechanically ganged to the capstan motor. (Reverse drive is 
used when searching for records, and the transport is not in the record mode.) Transistors Q8 and 
Q10 generate a stable reference input to Z2 for forward speed control; for reverse speed, Q7, Q9 and 
Ql 1 generate the reference to Z2. These voltages are adjustable and are set by monitoring the capstan 
wheel with a precision tachometer or strobescope and adjusting FWD SPEED and/ or REV SPEED 
potentiometers. (Procedures are outlined in the maintenance section.) 
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Figure 4-5. Capstan Drive Control Circuit, Simplified Diagram 
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Amplifiers Zl and Z2 combine to establish the power amplifier reference input. The outputs from Zl 
and Z2 are applied to the summing point along with feedback signals from the tachometer, and logic 
signals from the reel servo and motion control cards. The resulting voltages from the summing point 
are applied to summing amplifier Z3. The Z3 output is inverted but equal to the weighted algebraic 
sum of the inputs, and is applied to power amplifiers Ql through Q6 on the capstan/ regulator board 
and to power transistors Q3 and Q4 mounted on the servo amplifier assembly. The servo amplifier is 
the lower assembly in the tape transport. 

Voltage Regulators. There are four regulator circuits on the capstan/ regulator board: +12V, -12V, 
+5V and -6V (figure 4-6). The +5V and -6V regulators are adjustable and independent, containing 
their own reference voltage supplies consisting of zeners CR21 and CR27. The +12V and -12V 
regulators are nonadjustable, dependent supplies using the +5V and -6V supplies as reference. All 
regulators have foldback current limiting circuits. Additionally, the +5V regulator has a crowbar 
circuit to prevent the regulator from exceeding approximately +6 volts. If the crowbar circuit is 
triggered, the tape transport ac power must be switched off, the problem cleared, and then the power 
switched on before the regulator returns to normal operation. 

Lamp and Relay Driver Circuits. See figure 4-7. Five driver circuits located on the capstan/ regulator 
board control indicator lamps on the transport front panel, or relays mounted on the left side of the 
servo amplifier assembly (when viewed from the rear of the transport). 

Lamp drivers light the READY, SELECT and FILE PROTECT indicators; relay drivers energize 
the UNLOAD/ REWIND or FAST REVerse relays in the servo amplifier circuit (A! A3) and 
transmit signals to the motion control logic card for processing. 

BOT/EOT Sensor Amplifier and Gating. The beginning-of-tape (BOT), and end-of-tape (EOT) 
sensor is mounted on the transport assembly between the tape guide and the tape head. The sensor 
(or detector) is a single unit containing two light sources and two phototransistors. One 
phototransistor detects the BOT, the other the EOT. 

Two reflective 25.4 mm (1.0 inch) markers, one at the beginning of the tape and one at the end of the 
tape, cause light from the source to be reflected back to one of the phototransistors, depending upon 
the position of the marker (figure 4-8). When the BOT is detected, the resulting signal is amplified by 
Q36 and Q37 and sent to the motion control logic card, and to the gated output drivers Q38 and Q39 
(figure 4-9). On the motion control logic card, an active BOT signal causes the following actions 
depending upon the drive mode immediately preceding BOT detection. 



• 



In the forward search mode (FWDS) tape searches in the forward direction, passes the 
BOT, stops, then enters a reverse search mode and stops immediately upon detecting BOT. 

In the reverse search mode (REVS) tape also stops immediately upon detecting BOT. 

In the high speed rewind mode (REW), tape drives at high speed in reverse past the BOT, 
stops, forward searches at high speed past BOT again; then approaches BOT in reverse 
search mode (REVS). As soon as BOT is detected, drive stops immediately. 



BOT gated with SEL RDY indicates that the tape transport has been selected by the computer, is 
ready, and on BOT. Actions performed when EOT is detected are dependent upon the computer 
program. 

4.3.2.2 Reel Servo Control. See assembly 216542 and schematic 216543 in the Model 979 A Tape 
Transport Subsystem Drawings Manual, part number 949613-9702. The reel servo card controls 
speed and direction of the supply reel and takeup reel motors, see figure 4-10. 
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Figure 4-6. Regulator Circuits, Simplified Diagram 



NOTE 

Tape drive across the read/ write heads is supplied by the capstan 
drive motor controlled by the capstan drive circuit on card Al A4A1. 

There are seven IR light sources and seven IR light sensors in the tape transport vacuum column. 
Signals from the sensors start and stop rotational movement of the reel motors depending upon 
position of the tape in the column. The upper half of the vacuum column captures tape from the 
supply reel; the lower half of the column captures tape before it is wound on the takeup reel. 
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Figure 4-9. BOT/ EOT Circuits, Simplified Diagram 



NOTE 

Vacuum column sensor locations and functions performed are 
described under controls and indicators in Section 3. 

The following is a description of functions performed during a load operation. Since the supply and 
takeup reel motor control circuits operate similarly, this description outlines operation of the supply 
reel circuit with major differences between the supply reel and takeup reel drives described where 
they occur. 

Loading Operation. As long as tape has n ot been dra wn i nto the vacu um column, sensors Ql, Q4, 
and Q7 are inactive (low) holding signals SUL VAC and TUL VAC high, see figure 4-11. These 
signals, when low, indicate to control logic circuits that the supply reel and takeup reel are loaded 
and that a vacuum is present. After tape has been installed on the supply reel hub, threaded onto the 
takeup reel, and the tape transport operator has pressed the LOAD control, the following sequence 
of events occurs. 

NOTE 

Tape must be taut (i.e., slack free) across the upper and lower por- 
tions of the vacuum column before pressing LOAD. 
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Vacuum motor energizes and tape transport enters a delay of approximately 1 1 seconds 
while vacuum builds up in column. 



The motion control logic set SUD low which causes the reel servo control to apply 
approximately -IV to the supply reel motor. This dumps tape into the vacuum column. As 
tape is being drawn into the upper portion of the vacuum c olumn, ligh t to the Ql sensor is 
blocked by the tape and switches Ql sensor off, causing SUL VAC to go active (low). 



3. As SUL VAC goes low, a high SUD is returned from the motion control logic card which 
turns off DUMP BIAS at Q55. The reel servo control to the supply is now enabled. With 
Q2 sensor being light, the reel servo control drives the supply reel to dump more tape into 
the column. 

NOTE 

Negative voltages cause the motors to turn in a clockwise direction. 
This is the direction required to dump tape from the supply reel into 
the upper portion of the vacuum column. 

4. As tape lowers into the vacuum column, light to Q2 is blocked by the tape. This causes the 
DUMP AMPLIFIER (Q3 and Q5) to stop dumping tape into the column. 

* ..e capstan now starts driving tape in the forward direction to start suppiying tape to the 
lower portion of the vacuum column. 

6. Sensors Q7, Q6 and Q5 work in a similar manner to Q 1 , Q2, and Q3; there is no dump bias 
required, however. The capstan keeps driving forward until the lower portion of the 
vacuum column has captured the tape. In this case, tape will approach a vertical steady 
state near the light line from light source to sensor Q5. 

If sensors Ql or Q7 are exposed to light sources, the transport begins an immediate automatic 
shutdown. This condition would occur under any of the following conditions. 

1. Loss of vacuum. 

2. Tape breaks or pulls off a reel. 

3. A reel binds. 

4. Motor runaway. 

5. Power interruption. 

If the light source is blocked from sensor Q4, the transport also begins an immediate automatic 
shutdown. This would occur, primarily, if too much tape is in the column. 

When tape is captured in both the upper and lower portions of the vacuum column, the transport is 
ready to begin searching for the BOT marker. When BOT is found, the loading operation is 
complete. 
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Figure 4-10. Supply and Take-up Reel Drive Circuit, 
Simplified Diagram 
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Figure 4-11. Vacuum Column Limit Sensors, Simplified Diagram 



Norma/ Operation. The drive amplifier circuit employs a feedback limiter return network (CR11, 
CR12 and R54 through R57) and limits motor current to approximately 2 amperes as monitored 
through a 0.5 ohm external resistor in series with the motor. This motor current feedback signal is 
also used as an indicator of the motor 1R drop. With appropriate scale factors, this signal is 
subtracted from the applied motor voltage producing an output signal from Z2 proportional to the 
back emf of the motor and thus proportional to the motor speed. Diodes CR5 through CR10 and 
resistors R41 and R42 are used as switching elements and limiters to apply this signal to the control 
circuits to brake the supply motor if the capstan direction is opposite to the supply reel direction. 
Otherwise, the reel is allowed to coast to a normal stop. 

When a rewind is initiated, the capstan speed is allowed to rise to a maximum and remain there until 
an upper column pull out command requested by the sensor Q3 is blocked, or a lower column dump 
command is generated when sensor Q6 is exposed to its light source. Either of these conditions must 
remain stable for the bounce timer to time out («200 msec). The capstan drive speed is reduced to 40 
percent of maximum until pullout control is restored. 

For both takeup and supply reel control, the rewind bias (input at J2-F) establishes the amplifier 
output at -20V steady state value during rewind rather then 0V steady state. This compensates for 
placing the low side of both reel motors at -20V instead of at ground to obtain a higher rewind speed. 

The action of the takeup reel circuitry is similar to the description of the supply reel motor with two 
exceptions. 
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1. As mentioned earlier, DUMP BIAS is not used during the load operation. 

2. Output polarity is reversed so that negative output to the takeup reel motor pulls tape out 
of the column instead of dumping tape into the column. Column sensor Q5 in the off state 
requests tape pullout from the lower column and sensor Q6 in the on state requests tape 
dump into the lower column. 

The dynamic braking circuit consists of elements Q51 through Q54. Inputs to this circuit are 
develop e d by c ircui ts on t he moti on control logic card (A1A4A3). Inputs are assigned mnemonics 
DRBR, F WD and REV. DRBR disables braking whe n the t ransport is in a load or fast rewind 
operation, (DRBR at logi c 1). Braking is ena bled when DRBR is at logic 0. The braking direction is 
then determined by FWD (forward) or REV (reverse). If the capstan drive and supply reel drive (or 
takeup reel drive) are in the same direction, no braking takes place. Counter-rotating directions of 
the capstan drive and supply or takeup reel drives cause braking action. 

4.3.2.3 Motion Control Logic. There are two types of motion control logic: one type containing IC's 
and discrete components for decoding, switching and storing control signals; the other type 
consisting of microprocessor, memory elements and drivers to perform the same functions. These 
cards are interchangeable. 

Motion control logic reacts to either local or remote commands and begins execution of instructions 
controlling tape movement. Operator-controlled local commands are used manually to load, rewind 

and un1r»nH tan*»<; The onmmonHc qr*» iccnpH iy}>An th<* AncrotAr r«?v»qcAc fr(\nt nancl <">/\r>f rr»l« TV>*» 

remote commands are issued by the computer. These commands cause forward read or write, 
backspace, rewind, and unload tape operations. Reading and writing operations directed by the 
computer are processed by the data control logic card. 

After tape is manually installed on the transport and the LOAD switch pressed, the tape transport 
searches for the beginning-of-tape marker (BOT). When BOT is located the tape stops and the 
transport automatically switches to remote operation. The operator may return the transport to the 
local mode by pressing RESET. To return to remote, press LOAD. 

4.3.2.4 Motion Control Logic (IC's and Discrete Components). See assembly 216548 and schematic 
216549 in the Model 979 A Tape Transport Subsystem Drawings Manual part number 949613-9702. 

Load Operation. A load operation is initiated when the LOAD switch is pressed. The load flip-flop 
(shown in figure 4-12) sets, i.e., Z7-3 goes high. This puts the signal LOAD at logic 1. The vacuum 
latch (Z14-8 and Z15-8) is reset applying power to the vacuum motor via a vacuum relay. An 1 1- 
second interval is allowed for vacuum to build up in the vacuum column. Then, the supply reel servo 
starts feeding tape into the upper vacuum column to a point where light is blocked from sensors Ql 
and Q2. (A diagram of sensor positions is shown i n figur e 4-3.) The forward s earch f lip-flop sets 
(Z5-9) FWDS high. The complement of this signal, FWDS, is low and generates FWD. This signal 
starts the capstan motor, which drives forward at a standard operating speed of 952.5 mm (37.5 inches) 
per second to move the tape into the bottom vacuum column. When sufficient tape has been drawn 
into the bottom column, i.e., both Q7 and Q6 are blocked from light, the takeup reel starts pulling 
tape from the bottom column as soon as tape covers sensor Q5. The forward search continues until a 
beginning-of-tape (BOT) marker is detected by the BOT sensor. After a short delay, the forward 
search flip-flop is reset and the reverse search flip-flop (Z5-12) is set to drive the tape in the reverse 
direction. Tape motion is stopped when the BOT marker is again detected. The remote flip-flop Z9-6 
is set and the READY lamp is lighted to complete the load sequence. If the tape has been wound 
beyond the BOT marker during threading, the transport will forward search for a nominal interval of 
1 1 seconds, then reverse search until the BOT marker is detected. If the BOT marker is missing, all 
tape will be taken off the takeup reel and all motors will stop. The only way a tape can be loaded 
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Figure 4-12. Motion Control Logic Simplified Diagram 
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without a BOT marker is by defeating the BOT detect sensor. The tape always stops at the BOT 
marker when moving in the reverse direction. When the BOT marker is approached in the forward 
direction, the tape passes the detector, the transport reverses and the marker approaches the detector 
in the reverse direction. When the remote flip-flop is set, the local REWIND and UNLOAD switches 
are disabled. To enable the local REWIND and UNLOAD switches, the RESET switch is pressed. 
This resets the remote flip-flop. The RESET switch stops any operation which is in progress. When 
the tape is loaded and the READY lamp is extinguished, the LOAD switch may be pressed to place 
the transport in the remote mode. 

Tape Motion Detectors. There are three detector circuits to monitor tape movement: 

a. Vacuum column limit sensors. 

b. BOT/ EOT (beginning-of-tape, end-of-tape) sensors. 

c. Tape-off-reel sensor. 

All of the above sensors and associated circuitry control the direction and speed of motors. 

Vacuum Column Limit Sensors. These sensors are located in the vacuum column and supply inputs 
to the reel servo control. The limit sensors consist of seven light sources and seven phototransistors 
to determine the amount of tape in the supply column and takeup column. See Section 3 for 
location of s ensors T and a descri ption of each sensor. If limits in either column are exceeded, signals 
TUL VAC and/ or SUL ' VAC go to logic 1 and cause the motors to compensate by either dumping 
in more tape or taking more tape from the columns. If some limits defined in Section 3 are 
exceeded, complete shutdown of the drive system will occur until the problem has been corrected. 

BOT I EOT Sensors. This sensor is located near the head assembly and detects reflective pieces of 
tape at the beginning and end-of-tape. When the transport detects a BOT mark, a pulse (BOTP) of 
approximately 0.033 second is generated to indicate that tape has reached the beginning of the tape. 
When the EOT is reached at the other end of the tape, a signal is sent to the computer indicating that 
the end-of-tape has been reached. EOT is not used by tape transport circuitry but is transmitted to 
the computer for action. If the computer is in the HALT condition, drive will not stop when EOT is 
reached but will continue until all tape is off the supply reel. 

Tape Off- Reel- Sensor. In a rewind operation, the tape reverses motion and is taken up by the supply 
reel. When the BOT is reached, the tape stops. Pressing the UNLOAD switch causes the tape to 
continue reeling onto the supply reel but at a much slower speed than normal rewind. As long as 
there is tape on the takeup reel, the takeup motor acts as a generator. This causes relay K 1 (unload 
wind relay in servo module) to remain energized via logic circuits on this card and capstan/ regulator, 
A1A4A1, (UNLT/ULWIND and ULWIND/TO WIND RELAY circuits, respectively). As soon as 
rotational movement of the takeup reel stops (such as when tape leaves the takeup spool), the drive 
to relay coil Kl is lost causing Kl to deenergize, thereby removing all power to the motors. The same 
effect occurs when EOT is missed and tape is pulled off the supply reel; back emf is lost and relay K 1 
is deenergized. 

Tape Drive Operations. When a tape is installed and the load operation is complete, the tape 
transport is in the remote mod e and REA DY for reading or writing with tape (see figure 4-13). When 
the tape transport is selected (SELECT) by the computer, SE LECT gates with READY to inform 
the computer of the tape transport status (READY STATUS). Upon computer command, the tape 
transport begins a forward or reverse search depending upon the state of REMOTE FORWARD, 
(RFWD). RFWD is at low level for forward motion, high level for reverse motion. Remote Go 
(RGO) signals the tape drive to begin motion, either forward or reverse, depending upon the state of 
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Figure 4-13. Tape Drive Circuit, Forward/Reverse Simplified Diagram 
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RFWD. Tape then travels in the forward or reverse direction at 952.5 mm (37.5 inches) per second 
until the operation is complete. 

Rewind Operation. A rewind operation may be started remotely by the CPU or locally by pressing 
RESET and then the REWIND switches (see figure 4-14). With the remote flip-flop set (Z9, figure 
4-12 ) the rewind sequence is initiated by the presence of a low level on the remote rewind interface 
line (REMOTE REWIND). This condition sets the rewind flip-flop and the fast reverse flip-flop. 
The tape will rewind at a rate of approximately 3810.0 mm (150.0 inches) per second. Rewind 
continues until the BOT marker is detected. The fast reverse flip-flop is reset and the BOT marker is 
positioned as described in paragraph 4.3.2.3 dealing with load operation. The remote flip-flop 
remains set during rewind. The ready status line is high during the rewind and returns to a low level 
when the rewind sequence is completed, indicating current status to the computer. The rewind status 
line becomes a low level when rewind is initiated and returns to a high level when rewind is 
completed. The transport will produce a rewind status independent of being selected when in the 
local mode. By pressing RESET, the tape transport is placed in the local mode. A full reel of tape 
(731.5 metres = 2400.0 feet) will rewind in less than 200 seconds (measured from initiation of the 
remote rewind command to the return of ready status). 

Unload Operations. Tape may be unloaded in either the remote or local mode (refer to figures 
4-15 and 4-16). The unload function provides for the complete unreeling of ta pe from the takeup ree l 
at low s peed. If the tape transport is to rewind tape in the remote mode, REMOTE UNLOAD 
(RUNL) is low causing the unload flip-flop to set, i.e., UNL goes to logic 1. The complement of this 
signal, UNL, causes the one-shot which consists of Q13 and Q 15 to fire. The one one-shot insures 
that ULWIND remains high for at least three seconds after UNL becomes active. 

The inputs from sensors, BQT, TUL VAC, and SUL VAC, shown in figure 4-16, are derived from 
sensors on the tape transport. TUL ' V AC indicates that a vacuum is present and that tape in the 
takeup vacuum column is within limits. SUL VAC i ndica tes presence of vacuum and that tape in 
the supply vacuum is within limits. When BOT is low (BOT), the beginning-of-tape marker has been 
detected. These sensor signals inform the motion control logic card of tape transport status. 

BUS Y. If an y one of the four inputs to gate Zl 3 in f igure 4-16 is low, a busy condition is signaled by a 
low BUSY. The four conditions creating BUSY are: 



a. Remote flip-flop, Z9 in figure 4-12 is set signifying transport is in the remote mode. (REM 
= Logic 0.) 

b - Load fli p-flop, Z7 and Z13 in figure 4-12 is set when the transport is in a load sequence. 
(LOAD = Logic 0.) 

c. Unload flip-flop, Z15 a nd Z 14 in figure 4-15 is set when the transport is unloading tape 
from the takeup reel. (UNL - Logic 0.) 

d. Rewind flip-flop, Z12 in figure 4-16 is set during a rewind operation. (REW= Logic 0.) 

4.3.2.5 Motion Control Logic (Microprocessor). See assembly 937027 and schematic 937029 in the 
Model 979 A Tape Transport Subsystem Drawings Manual, part number 949613-9702. 

NOTE 

Assembly listing and program description for the 8080 micro- 
processor used on this card may be found in Appendix B. 
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Figure 4-14. Rewind Circuit, Simplified Diagram 
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Figure 4-15. Unload Circuit, Simplified Diagram 



This type motion control logic board is a microprocessor based controller for tape motion control 
and is directly interchangeable with the board described in the preceding paragraphs. Functions 
performed are identical and include the following: 

Load Sequence. After tape has been threaded, pressing the LOAD switch will cause the following 
sequence of events to occur: 

Vacuum motor is energized. 

Nominal 11 -second delay while vacuum motor starts. 

Supply reel dump bias is applied to load tape into top portion of vacuum column. 

When top portion of vacuum column is loaded, the dump bias is removed and the capstan 
is driven forward to load tape in the bottom column and to start a search for the 
beginning-of-tape mark (BOT). 

5. After BOT is detected, the tape direction is reversed until the BOT marker is again sensed. 
Tape motion is then stopped to position the tape on BOT. 

6. If, during threading, the tape is wound beyond the BOT marker, a reverse search occurs 
after a nominal 11-second forward search. 

7. When load sequence is complete, the transport enters the remote mode. 

Remote Mode. In the remote mode, a selected transport will respond to commands from the tape 
controller. Forward or reverse tape motion, or unload or rewind sequence commands can be 
specified. While a forward or reverse command is being performed, the logic board will recognize an 
unload or rewind command and execute that command instead of the previous forward or reverse 
command. When the RESET switch is pressed the transport will reset the remote mode and enter the 
local mode. 
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Local Mode. In the local mode the transport will respond to commands from the transport control 
panel switches. Load, unload, or rewind commands can be selected. If the transport is loaded, 
pressing the load switch will reset the local mode and initiate the remote mode. 

Rewind Sequence. The following rewind sequence can be initiated from either the local or remote 
mode. 

I. If on BOT, no action is initiated and the transport returns to the originating mode, local or 
remote. 

^ If -. ._* ~_ D/"VT DC AAV ,■.*„*..„ '.„ -.~ n ~4- DClV'^r* «*«♦..«> '.r< ^&* r»-.s4 fn c * ^ouoi-cp + oi-»a 

z.. ii nOi uD Dwi, K.c,/\i^i 5iai.ua i» TCaci, ix E, v¥ i i ^ u siaiua is sci, aitu ia.at itvCiaC lopv 

motion is initiated. 

3. When BOT is detected, fast reverse is stopped and forward search for BOT is initiated. 

4. When BOT is passed over in the forward search, a reverse search for BOT is initiated. 

5. Immediately upon detecting BOT in the reverse direction, tape motion is halted. This 
positions the tape on BOT. 

6. REWIND status is reset and READY status is set. The transport returns to the mode of 
operation (local or remote) which initiated the command except when the rewind was 
initiated from the local mode and subsequently the LOAD switch was pressed, which 
returns the transport to the remote mode when rewind is complete. 

Unload Sequence. The following unload sequence can be initiated from either the local or remote 
mode. 

1. READY status is reset. 

2. If the tape is not on BOT, a fast reverse is initiated until BOT is detected at which time the 
reverse is stopped. 

3. Unload/ wind is initiated. 

4. When the tape is pulled out of the vacuum column, the vacuum motor is turned off. 

5. Nominal four-second delay. 

6. When tape is pulled clear of the takeup reel, the unload wind is complete. During the 
unload operation tape is being pulled from the takeup reel. The takeup reel acts as a 
generator during this time and keeps relay Kl energized. As soon as tape clears the takeup 
reel, rotational movement of the takeup reel (and drive) stops and relay K 1 deenergizes. 

In-limits Sensing. From the time the tape has been loaded into the vacuum column during the load 
sequence until the time the tape has been pulled out of the vacuum column during an unload, the 
tape in-limit sensors are sampled to verify that the tape is within the proper limits in the vacuum 
column. If an out-of-limits condition is sensed, all outputs are reset and the transport is returned to 
the unload condition. 
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Operational Specifics. A block diagram of the motion control circuit is shown in figure 4-17. The 
description that follows is keyed to this diagram. 

a. Microcontroller Circuit. The 8080 microcontroller portion of this motion control logic 
board consists of the microprocessor (U5), clock generator (U 18), system controller (U 12), 
512 8-bit bytes of read -only- memory (Ul), and power reset circuits (UI9). The clock 
generator uses a 9.8304 mHz crystal oscillator and divider network to provide a two-phase 
clock to the microprocessor with a period of 0.916 /usee. The system controller is a 
bidirectional device with the data bus (DB0 - DB7) and the 8080A microprocessor. The 
system controller (U12) includes the internal status latch and decoder to provide the I/O 
control signal. 

Power up reset is provided by U19 generating RESIN. This signal is synchronized to the 
clock supplied by the generator U18. When the reset signal is removed from the 
microcontroller circuit, program execution begins at memory address 0000. The nine least 
significant bits of the address bus (A0 — A8) are used to address the 512 bytes of ROM as 
well as the input/ output ports. Interrupts are not used. 

Internal microprocessor registers are used for storage instead of random access memories. 
There are some selected control and clock lines buffered by three-state buffers to provide 
for automated production testing. These buffers are continuously enabled for normal 
operation. 

b. Addressing. The nine le ast signi ficant address lines from the microprocessor address the 
ROM when enabled by MEMR. The two least significant address bits enable the selected 
input port when I/OR is true and clock the selected output port when I/OW is true. 

AAAAAAAAAAAAAAAA 

1111110000000000 
5432109876543210 

ROM (MEMR) XXXXXXXAAAAAAAAA 

Input Port 1 (I/OR) X X X X X X 1 

Input Port 2 (I/OR) X X X X X X 1 

Output Port 1 (I/OW) X X X X X X 1 

Output Port 2 (I/OW) X X X X X X 1 

X = don't care 

A = address NOTE: I/O Ports use A0 - Al only. 

c. Inputs. Microprocessor inputs are enabled to the data bus by enabling the appropriate 
input buffers (U8/U11) and appropriate I/O port address with an I/OR instruction (or 
address). In this manner, the microprocessor can poll input bits to determine their state. 

d. Outputs. The microprocessor outputs are clocked into output registers U 16/ U 17 and then 
buffered to output pins or sent directly to the combinational logic in the remote circuits. 
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e. Remote Logic Circuits. The remote section recognizes rewind or unload commands, drives 
transport status lines, and decodes forward and reverse directional commands. These 
functions are performed by discrete logic because of speed requirements. 

The rewind and unload circuits in the remote logic section consist of two flip-flop 
controllers requiring rewind or unload commands be present for two clock times before 
rewind or unload commands are recognized. The clock driving this circuit is derived from 
the crystal oscillator circuit and divided by four to obtain a clock period of 0.406 /usee. 

4.3.2.6 PE Data Control. See assembly 216540 and schematic 216539 in the Model 979 A Tape 
Transport Subsystem Drawings Manual, part number 9496 i 3-9702. 

PE Data (four cards). See assembly 216536 and schematic 216537 in the Model 979 A Tape 
Transport Subsystem Drawings Manual, part number 949613-9702. The technique used in PE 
(phase-encoded) recording/reproducing is described in Section 1 . 

There are five cards used in recording/ reproducing PE data on tape. The card located in slot 
A1A4A6 is the PE data control. Two functions are performed on this card: 1) control for all nine 
track data circuits and, 2) track 1 record /reproduce circuit. Cards located in slots A1A4A7 through 
A1A4A10 contain reproduce/ record circuitry for tracks 2 through 9, two tracks per card. 

Control Circuit. For PE data, all formatting is performed on the interface/ controller circuit, 
specifically the TIU or the appropriate TILINE controller. The PE data control card controls 
functions and timing for reading and writing data on magnetic tape. This card receives read /write 
command signals from the system controller (located in 960, 980, or 990 chassis or expansion unit), 
and returns status to the system controller. Outputs from the control circuit to the track data 
channels are applied in parallel to all data channels, see figure 4-18. 

Read Circuits. Signals picked up by the read head receive amplification by Zl (figure 4-19) and are 
phase shifted approximately 90 degrees by Ql, Q2. The phase-shifted output is then applied in 
parallel to two networks. The output of the first network is applied to a zero crossover detector (Z3) 
to digitize the original signal at the signal peaks. The zero crossover detector then drives the data 
output line driver, Ql 1. The output of the second phase shift network is applied to a level detector 
circuit (Z2). This circuit compares the phase shifted signal with an established threshold level. When 
the desired comparison is achieved, the zero crossover detector makes a decision. If the signal 
amplitude is too low, it is inhibited at the data output driver, Z4. 

Write Circuits. Encoded data received from the interface/ controller is presented to the write data 
interface lines and appears at input to Z4. When a write data line changes level, the magnetic flux 
direction for that channel is reversed on tape. 

43.2.7 NRZI Data Control. See assembly 948235 and schematic 948237 in the Model 979 A Tape 
Transport Subsystem Drawings Manual, part number 949613-9702. 

NRZI Data (four cards). See assembly 948232 and schematic 948234 in the Model 979 A Tape 
Transport Subsystem Drawings Manual, part number 949613-9702. The technique used in NRZI 
(non-return-to-zero, inverted) recording/ reproducing is described in Section 1. 

There are five cards used in recording/ reproducing NRZI data on tape. The card located in slot 
Al A4A6 is the NRZI data control. Two functions are performed on this card: 1) control for all nine 
track-data circuits and, 2) track 1 record/ reproduce circuit. Cards located in slots A1A4A7 through 
A1A4A10 contain reproduce/ record circuitry for tracks 2 through 9, two tracks per card. 
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Figure 4-18. PE Control, Control Outputs 
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Control Circuit. The NRZI control card controls functions and timing for reading and timing for 
reading and writing on magnetic tape. This card receives read/write command signals and transmits 
status. Outputs from this card to the data cards are applied in parallel to all data channels (tracks on 
tape). The data control card also contains track 1 electronics for reading and writing on tape track 1 . 
The control portion of the card consists of the following functions. 

Clock Generator Circuit. See figure 4-20. The clock source of 4 MHz ±0.05% is generated by a 
hybrid crystal oscillator in location U8. The 4 MHz signal is divided by flip-flop U14 down to 2 
MHz. Thi s 2 MHz signal is buffered by U15-8 for distribution to the nine data channels using the 
mnemonic SKEW CLOCK. The data channel portion of this board contains a split 220/330 ohm 
terminator for this clock line. 

Dynamic Skew Delay Circuit. See figure 4-21. After the first single bit of a tape character has been 
detected and the associated skew register has been set, a delay of 17 jusec is provided to allow all 
remaining track signals to be detected. The outputs of all nine skew register flip-flops are wireORed 
to produce the signal CHAR GATE to remove the reset to counter U 10. After the 16 jusec delay, the 
control shift reg ister is enabled and the counter enabled. One clock period (0.5 /usee) after the 16 jusec 
delay, the signal READ TRANSFER CLOCK goes low and is distributed to all nine data channels 
(tracks) to transfer data from the skew register to the read data register. 



One clock period after READ TRANSFER CLOCK goes low, the READ CLOCK OUT signal to 
the controller g oes low (assuming the t ransport is selected and ready) implying that data is available 

uu iiiv> iiuviiuvv. nx-A^^il^- \_<i^Vyx-< fv v/u i i& ouiiCivu vTiiiitt iw 111a upvn luiib^iui uui^i ivsi buillivvuun 

to the interface bus. After 3 jusec, the SEQUENCE RESET signal is g enerated to unlatch the counter 
enab le, reset the counter and reset the shift register, thus terminating READ TRANSFER CLOCK 
and READ CLOCK OUT. Data bits, however, are available on the output lines until the next 
character is ready to transfer to the read data register, a minimum of 16 /xsec at 952.5 mm (37.5 
inches) per second and typically 33 /zsec. 

Write Mode, U23-6 and U23-7. See figure 4-22. The write mode flip-flop (U23) is set by the 
controller/ interface (assuming the unit is selected and ready) to enable the writ e function . The write 
mode may be reset by the controller or it is automatically reset if the transport READY signal goes 
high or the capstan direction is reversed (REV high). If the write enable ring is not present on the 
supply reel, the signal FILE PROTECT is high forcing a continuous reset to the write mode flip-flop, 
thus absolutely inhibiting the write mode selection. When WRITE mode is true, the erase head has 
approximately 50 ma current through it (U17-3 and R61 and R62) in the direction required to 
produce a north pole toward the BOT end of the tape. READ (compl ement of WRITE) and FILE 
PR OTECT signals are ANDed with select and ready (U32) to produce FILE PROTECT STATUS 
and READ STATUS signals to the controller/ interface. 

R BUS Reference Source. See figure 4-23. The reference voltages for the peak amplitude 
discrimination as performed by each data channel are generated by the two amplifiers of U26. The 
outputs are +3 and -3 volts in the READ mode and +6 and -6 volts in the WRITE mode and are 
controlled by Q3. The +12-volt supply is used as a reference source for the R Bus amplitudes. 

Write Register Enable Circuits. See figu re 4-24. The write register toggle action must be enabled for 
only one skew clock period during the WRITE CLOCK low state from the controller/ interface. 
Flip-flops U14-9 and U23-9 comprise a digital one- shot with U 14-9 b eing true for the first full 2 MHz 
skew clock period following the leading edge of W RITE CLOCK lo w state. This output is then 
buffered for distribution to the nine data channels as WRITE REG IN. A 220/330 ohm termination 
is provided on the data channel portion of the control card (track 1 data circuit). 
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Figure 4-21. Dynamic Skew Delay Circuit 
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Figure 4-23. R - Bus Reference Source 
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Figure 4-24. Write Register Enable Circuit 



4-37 



Digital Systems Division 




949613-9701 



Write Register Reset. See figure 4-22. The low state of the signals WRITE RESET from the 
controller is ANDed with select and readied to produce the write register reset (WR) signal for 
distribution to the nine data channels. When this signal is true, along with WRITE REG EN, the 
longitudinal check character is written onto tape. 

NOTE 

All nine data channels (tracks) operate similarly. In the following 
descriptions of reading and writing data with the tape, reference 
designators are for tracks 2, 4, 6, or 8 and are representative of all 
tracks. 

Read Data. See figure 4-25. Linear bandpass amplification with adjustable gain (R8) is provided to 
convert the floating input read head signal to a 10-volt pk-to-pk nominal signal with capability to 
drive high capacitance loads. Nominal input at 952.5 mm (37.5 inches) per second is 24 mv pk-to-pk. 
The bandpass breakpoints are set at 48 Hz on the low end and 106 kHz on the high end. 

Positive Peak Detector, U20. The technique used for peak detection is shown in waveforms of figure 
4-26. The input signal must exceed a preset threshold to qualify as a valid peak at U20 pin 12. To 
establish the time of the peak in a manner independent of signal amplitude and thus reduce dynamic 
skew, the input signal is compared at U20 pin 10 to the stored peak maximum at CR2 and C8. When 
the input drops below 85 percent of the peak maximum, the peak signal (wire- AND of U20 pins 12 
and 7) is terminated. The trailing edge of this signal is thus the skew measurement time. The positive 
threshold level is set by the +R BUS input signal. This level is changed by a factor of two depending 
on whether the write mode or the read only modes are active. In the read only mode, the detection 
threshold is set at approximately 20 percent of the nominal maximum input signal level and in the 
write mode the detection limit is set at approximately 40 percent of the nominal maximum input 
signal level. This is to insure data integrity on read if no errors are detected on read-after-write in the 
write mode. 

Negative Peak Detector (U7). Negative peak detection is identical to positive p eak detection except 
for the polarity. Positive and negative peaks are ORed at U14-4 producing SKEW PEAK (A). 

Read Static Skew Correction (U8, SI, R38). See figure 4-27. Static skew correction for read data is 
accomplished by adjusting the delay through a variable length shift register (U8) with miniature 
switches (DIP switches). The skew clock input to the shift register is 2.0 MHz resulting in an 
adjustment resolution of 0.5 pisec or approximately 0.5 micron (19.0 microinches) at 952.5 mm (37.5 
inches) per second tape speed. With a maximum delay of 64 clock periods, up to 30.5 microns 
(1200.0 microinches), or almost 1 frame (1 frame = 31.8 microns = 1250.0 microinches) of static 
skew compensation may be made. In the adjustment process, all leading tracks are delayed to 
coincide with the most lagging of the nine tracks. The adjustments are outlined in the maintenance 
section. 

Read Dynamic Skew Correction (U23). See figure 4-28. Up to 16 jusec of dynamic read skew can be 
compensated for by the action of the two halves of U23 in conjunction with a control signal and 
delay on the NRZI data control card. When the deskewed output of read skew delay goes f alse the 
dynam ic skew register (U23-5 and 6) is clocked signaling the data control board via the CHAR 
GATE line tha t this track has detected a logic 1 bit from the tape. When the first of the nine, wire-OR 
CH AR GATE outputs comes true , a 16 /zsec delay on the control is started. At the end of the delay 
the READ TRANSFER CLOCK signal is generated to clock the states of the skew register flip-flops 
into the READ DATA REGISTER for transfer to the controller. Odd vertical parity on tape assures 
that a READ TRANSFER CLOCK will be generated for each recorded character on tape. 
Conversely, all zero characters will not produce clocks. The read data register outputs are buffered 
by a 100 ma open collector driver for connection to the interface bus. 
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Figure 4-25. Peak Detectors, Read Track Data 
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Figure 4-26. NRZI Peak Detector Waveforms 



Write Data. Data to be written on tape is processed in an identical manner for all nine tracks. 

Write Register (U22-9 an d 10). See figure 4 -29. Write data from the controller (WRITE DATA) is 
used in conjunction with WRITE REGEN from the interface/ controller as a toggle enable for the 
write register (i.e., for NRZI operation a transition on tape is interpreted as a logic 1, thus the write 
register state is changed from one to ze ro, or zero to one for a true data output from the 
interface/ controller). The WRITE REGEN signal as generated on the interf ace/ controller boa rd, is 
used to enable this toggle action only for a 2 M Hz skew clock period for each WRITE CLOCK from 
the controller. 
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Figure 4-28. Read Dynamic Skew Compensation Network 
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Figure 4-29. Write Register Circuit 



Since the write register always starts from the reset state (U22 pin 10 at logic 0), the longitudinal 
redundancy check character (LRCC) may be written by selectively toggling only those bits of the 
write register which are true after the record has been written. This is done when write reset (WR) is 
true while WRITE REG EN is also true. The LRCC produces an even number of bits on each track 
of a record. 

Write Static Skew Correction See figure 4-30. Static skew correction for data to be written on tape is 
accomplished by adjusting the delay through a variable length shift register (U 10) with DIP switches, 
S2. The adjustment range is the same as for read static skew above. 

Write Amplifier (U16 pins 10 and 12). The signal from the write skew register is ANDed with write 
enable then buffered by U 16 to produce the write current for the write head winding. The nominal 
write current is 14.5 ma and conventional current into the high side of the write head will produce 
tape saturation of the same polarity as the erase head, i.e., north pole towards the BOT end of the 
tape. 
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Figure 4-30. Write Skew Correction and Drive Amplifier Circuit 
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SECTION 5 
MAINTENANCE 



5.1 GENERAL 

This section describes maintenance procedures for the 979A Tape Transport and related units 
operating in a 960, 980, or 990 computer system environment. Procedures for performing on-line 
diagnostic tests, and off-line tests using the 979A Field Tester, are included in this section to assist in 
isolating faults and also to insure correct operation at installation time or when equipment has been 
returned to service. While it is intended primarily for979A Tape Transport maintenance, this section 
will assist personnel in locating system related problems. 

5.2 MAINTENANCE PHILOSOPHY 

This section provides assistance in locating faults within the magnetic tape system. A magnetic tape 
system includes a tape interface/ controller operating under the discipline (requirements) of an I/O 
bus system, formatting devices which may be an integral part of the interface/ controller or a separate 
unit (e.g., tape interface unit, TIU, in the 960/980 1600 bpi, PE, recording/ reproducing system), and 
a tape drive unit such as the 979A Tape Transport. 

If a failure occurs in a magnetic tape system, the first item to be determined is what is causing the 
fault(s). To obtain this information diagnostics are used. The next procedure involves isolating the 
trouble to a readily exchangeable subunit (such as a printed circuit board, unit subassembly, cable, 
fuse, plug-in component, etc.) so that the system may be returned to proper operation as soon as 
possible. Finally, this maintenance section will assist experienced personnel in locating faults to the 
component level so that the faulty item may be repaired/ replaced and the subassembly returned to 
service. 

NOTE 

If a fault cannot be isolated to a component or a circuit, please be 
sure to document symptoms in detail when returning the item to a 
repair facility. This is especially necessary when faults are 
intermittent. If, for example, a problem occurs with a tape transport 
and replacing the reel servo card clears the problem, but further 
diagnosis of the board reveals no faulty component, include this 
information on the repair ticket. This will greatly reduce the amount 
of time required to return the board to proper operation. 

Once the faulty component(s) has been identified, the board shall be properly tagged, describing the 
corrective maintenance to be performed, and sent to the corrective maintenance work station for 
repair. The repaired board is then returned to the troubleshooting work station and tested for further 
probes. If diagnostic tests run to completion five consecutive times without an error message 
printout, the board is returned to normal use. 
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The maintenance section is arranged according to the following scheme. 

1. Preventive maintenance. Items listed in the preventive maintenance paragraph should be 
performed at the given intervals and whenever a service call is received for the tape 
transport. Successful completion of the listed procedures may eliminate a problem. This is 
especially true when a service call is made because of data dropouts or erratic tape drive 
operation. 

2. Operational checkout and adjustments. Procedures are listed for testing the tape system 
on-line using performance demonstration tests (PDT's). Off-line tests and adjustments are 
outlined using the 979A Field Tester. Using the field tester, problems directly related to the 
tape transport may be isolated. 

3. Troubleshooting procedures. Methods that may be used in locating and correcting faults 
are itemized in this paragraph. 

4. General fault analysis. Possible recorder troubles and general steps required to clear 
difficulties. 

5. Removal and replacement procedures. Detailed procedures on removing and replacing 
subunits of the tape transport. 

<! 1 «Drn*i tpct fai rfoii/rirunr 

Table 5-1 contains a list of special test equipment that may be required in addition to a standard 
technicians tool kit. 



Table 5-1. Test Equipment Required/ Suggested 
Test Equipment Part No. or Model No. 



VOM - Weston 
Digital Multimeter - Fluke 
Power Supply Load Simulator 
Field tester, 979A 
Oscilloscope - Tektronix 
Logic Analyzer 

Extender Board - Texas Instruments (2 recommended) 

Inspection Mirror 

Flashlight 

EOT/BOT Sensor Tape 979/979A 

Tape, Master Output 

Tape, Master Skew 

Tape, Tracking 

Tape, Compatibility 

Tape, Magnetic Recording, 731.5 m (2400.0 ft) 

TAPTST Diagnostic Test (for 990) 

PDT979 Diagnostic Test (for 960) 

PDT979 Diagnostic Test (for 980) 

733/ ASR Card Reader ROM Loader 

ASR 733 Data Terminal Kit 



Model 663 

Model 8000 A 

937009-0001 

948272-0001 

Model 475 

Hewlett-Packard Type 1600 A, 

Biomation type 810D, or equivalent 

196226-0001 

532832-0001 

943849-0711 

235778-3090 

235778-3100 

948271-0001 

949572-1230 

973718-0005 

937773 

948124 (PDT960) 

942944 (PDT980) 

945134 (990) 

945070 
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5.4 PREVENTIVE MAINTENANCE 

Preventive maintenance consists primarily of keeping the unit and especially the tape paths and 
read /write /erase heads free of dirt, oxide and other foreign material. The capstan drive and all 
working parts should be periodically examined for wear or noticeable faults. Cleaning procedures 
are given in tables 5-2 and 5-3. 

Table 5-2. Transport Cleaning Procedures, Daily 

CAUTION 

i. Before cleaning, the transport should be unloaded and the tape removed. 

2. Use only denatured alcohol on the tape heads. 

3. Avoid finger contact with tape heads or other surfaces which contact the 
tape. 

4. Care must be taken not to misalign or scratch the tape heads, cross-talk 
shield, BOT sensor or tape guides. 



Item 

Transport door interior, 
Mounting plate 



Tape guides 



Tape heads, 
cross-talk shield 

Tape cleaner 



Capstan 



Materials 

Lint-free cloth 



Denatured alcohol, 
lint-free cloth, 
small brush 



Denatured alcohol, 
cotton swabs 

Small brush 



Denatured alcohol, 
lint-free cloth or 
cotton swabs 



Methods 

Open transport door and wipe all 
exposed surfaces, including door 
interior. 

Wipe off tape guide surfaces, check 
for loose oxide under the lower 
ceramic guide ring. Brush out if 
necessary. 

Wipe off surfaces. 



Inspect tape cleaner and lightly brush 
off dust and oxide contaminants as 
necessary. 

Inspect the capstan for oxide deposits 
and other contamination. Wipe 
clean with denatured alcohol and lint- 
free cloth (or cotton swabs) as 
necessary. Do not substitute other 
cleaners as they may damage the 
rubberized surface of the capstan. 



NOTE 



All motors, guides, and bearings are permanently lubricated. No lubricants 
are required for any of the transport assemblies. 
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Table 5-3. Transport Cleaning Procedures, Periodic 

NOTE 

The vacuum column and capstan should be cleaned on a periodic schedule of 
approximately 150 hours operation. This assumes operation in a dust-free 
environment with the doors closed. Those users who operate under other 
environmental conditions will need to clean more frequently to assure best 
reliability. 

CAUTIONS 

1. The vacuum column cover is made in two parts, one of which is a plastic 
plate. Take care not to drop the cover plate or twist it against the guide 
pins during assembly or disassembly. 

2. Use only denatured alcohol on the capstan assembly. Other cleaners may 
damage the rubberized surface. 

Disassembly: Remove vacuum column trim cover by pressing inward and sliding upward about one- 
quarter inch off the cover retaining pins. Remove the vacuum column cover plate by lifting 
straight outward off its guide pins, taking care not to twist or drop the cover plate during 
disassembly. 



Item 



Vacuum columns 



Turnaround rollers 



Vacuum column lamps 
and sensors 



Materials 

Denatured alcohol, 
lint-free cloth 

Denatured alcohol, 
cotton swabs. 



Denatured alcohol, 
cotton swabs. 



Methods 

Wipe the cover plate and vacuum 
column tape tracks. 

Check the rollers for oxide deposits 
and foreign matter. Clean with 
denatured alcohol and cotton swabs 
as necessary. 

Carefully clean lamp and sensor 
holes; seven holes on left and seven 
holes on right sides of vacuum 
column. 



Reassembly: Carefully replace vacuum column cover plate and trim cover. 

Clean with denatured alcohol and 
cotton swabs as necessary. 

5.5 OPERATIONAL CHECKOUT AND ADJUSTMENTS 

Either of two methods may be used to test the Model 979 A Tape Transport: 1) on-line tests using 
diagnostic programs; 2) tests using the 979A field tester. Diagnostics check 979A operation through 
a series of routines running under computer control. The field tester checks operation of tape 
transport in an off-line condition. The field tester is a card size unit that connects directly into card 
cage slot J4 in place of line-side I/O cable. When the field tester is used, the terminator in slot J5 
must also be removed. 
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5.5.1 TAPE TEST (TAPTST) DIAGNOSTICS, 990 COMPUTER ON-LINE TESTS. Tape test 
diagnostics (part number 937773) are part of the 990 computer diagnostic tests. These tests are 
described in detail in Volume III of the Model 990 Computer Diagnostics Handbook (part number 
945400-9701). 

TAPTST diagnostics provides tests of the following transport functions: 

Tests of the transport interface controller located in the 990 computer 

Rewind and erase tests 

Read and write tests (NRZI and PE) 

Data checks 

Power fail tests 

The controller test (test part 0) is a quick test of the universal TILINE controller. A tape unit does 
not have to be present because no commands are issued to a tape unit. If errors occur during the 
running of this part, there is a problem with the controller and the rest of the test probably will not 
run correctly. 

The tape transport is exercised by test parts 1 though 8. Commands for tape motion and data control 
are issued via the controller to the tape transport. Data bits are written on tape, read back, and 
compared to check for tape system data integrity. 

The last test (part 9) verifies that when the system has battery support, failure of the power supply 
will not cause data to be written on tape. This part should not be used if the computer does not have 
battery support, otherwise memory will be destroyed and the program lost. 

5.5.1.1 Test Preparation, TAPTST. To perform TAPTST diagnostics, one of the following two 
types of operation interface units are required: 

• MDU Maintenance Unit or, 

• 733 ASR Data Terminal with a Model 990 Computer Programmer Panel. 

NOTE 

The 990/ 10 computer must have at least 24K bytes of memory to run 
TAPTST. 

5.5.1.2 Test Execution, TAPTST. Details for executing the TAPTST are outlined in Volume III of 
the Model 990 Computer Diagnostics Handbook, part number 945400-9701. 

5.5.1.3 Error Messages and Numbers. When an error occurs in the execution of any part of the test, 
an error message will be printed out but only if the software error print flag is on. The error message 
indicates which error has occurred. The number of the error will also appear on a programmer panel. 
The error messages are listed in table 5-4 in numerical order. It should be noted that the same 
message text may appear more than once with different error numbers. The reason for this is that 
some data checking routines are used by more than one part of the test. When an error is found, a 
message is output if the print error flag was set during initialization. In all cases, the appropriate 
error count is incremented. There are three error counts: one for status errors, one for data errors, 
and one for timing errors. 
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Table 5-4. TAPTST Error Messages and Numbers 
Number Message 

1-3 CONTROLLER FAILURE 

4-7 ERROR X REWIND INTERRUPT TEST 

8-10 ATTEMPT TO WRITE XXXX IN XXXX RESULTED IN XXXX BEING 

RETURNED 

1 1 ADDRI = XXXX COUNT = XXXX ADDR2 = XXXX CONT = XXXX 

12 COMPARE ERROR-CHAR WRITTEN = XXXX CHAR READ = XXXX 

13 DID NOT FILL LAST CHAR WITH FF 

14 TOO MANY CHARACTERS WERE TRANSFERRED TO MEMORY 

15 OFFSET DID NOT DECREMENT TO ZERO 

16 OVERFLOW COUNT WAS 000000 BUT SHOULD HAVE BEEN 00 00 00 

17 ERROR PART 6A 

XXXX MISCOMPARES WITH RECORD LENGTH = XXXX 

18 ERROR PART 6B 

RECEIVED VRC ERROR IN WRITE OPERATION 

19 ERROR PART 6B 

EXPECTED R7 ERROR PATTERN = XXXX RECEIVED = XXXX 

20 ERROR PART 6C 

WROTE RECORD OF XXXX CHARACTERS 

ATTEMPTED TO READ 160 CHARACTERS 

DATA TRANSFER DID NOT STOP AFTER XXXX CHARACTERS 

21 ERROR PART 6D 

AN ERASE OF LENGTH DESTROYED LESS THAN 300 CHAR OF A 1600 CHAR 
RECORD 

22 ERROR PART 6D 

AN ERASE OF LENGTH DESTROYED MORE THAN 700 CHAR OF A 1600 
CHAR RECORD 

23 ERROR PART 6E 

A WRITE OF LENGTH TRANSFERRED DATA TO TAPE 

24 ERROR PART 7A 

FAILED TO READ RECORD XXXX 

25 ERROR PART 7B 

FAILED TO READ FOLLOWING RECORDS WITHOUT ERROR RECORD NO 
XX 
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Table 5-4. TAPTST Error Messages and Numbers (Continued) 

Number Message 

26 PART 7C NO CREEP IN 20 BACKSPACE/ WRITE OPERATIONS 

27 PART 7C NEGATIVE CREEP 

RECORD 2 CREPT BACKWARD AND DESTROYED RECORD 1 IN 12 HEX 
BACKSPACE/WRITE OPERATIONS 

28 E8 DATA ERROR 

XXXX MiSCOM PARES WiTH DATA LENGTH — XXXX 

29 PART 9 RECORD 1 ERROR 

DATA WRITTEN = XX DATA READ = XX 

30 PART 9 RECORD 2 ERROR 

DATA WRITTEN = XX DATA READ = XX 

38 DID NOT GET EXPECTED INT WHEN TESTING R7 

39 GOT FALSE INT WHEN TESTING R7 

40 DID NOT RECEIVE INT IN 17 SEC 

41 DID NOT GO IDLE IN 02 MIN 

42 DID NOT REACH BOT ON REWIND IN 4 MIN 

43 OFF LINE BIT DID NOT COME ON DURING REWIND AND UNLOAD IN 4 MIN 

44 **STATUS ERROR 
TMTC REGS 

TAPE STAT COM STAT/CT OFFSET NO CHAR MEM AD UNIT R7 STAT 

0010 06 000000 0000 0000 001 EDC 02 A880 

COMMAND ISSUED 

TAPE STAT COM STAT/CT OFFSET NO CHAR MEM AD UNIT R7 STAT 

0000 06 000000 0000 0100 003CB8 02 1000 

45 ***END OF TAPE*** 
OPERATOR MUST START TEST OVER 

46 FAILED TO GET TILINE TIMEOUT WHEN WRITING TO A NON-EXISTENT 
MEMORY ADDRESS (1FFBFE) 



5.5.2 PDT979 DIAGNOSTICS, 960/980 COMPUTER ON-LINE TESTS. The PDT runs 
standalone on either the 960 or the 980 computer. Operating instructions, messages, tests, and error 
interpretation are identical on both computers and are discussed in Appendix E of this manual. 
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5.5.2.1 General Description of PDT979. PDT979 is a comprehensive program designed to verify 
with a high degree of reliability the proper performance of the 979A Tape Transport unit (either 800 
or 1600 BPI) and its associated control logic (either DMAC, BTC, and TCL for 800 BPI, or DMAC, 
BTC, TCC, and TIU for 1600 bpi). The PDT is composed of 20 tests which are structured around a 
building block principal whereby each test introduces a minimum amount of new functions; 
operations proven to work in a previous test are used to verify the new functions being introduced. 
Although the tests are designed to run in sequential order, each is independent of the others and each 
is independently selectable by the user. The 20 tests are subdivided into three groups. The first group 
contains test 1 though 15. These tests require no operator intervention and are referred to as the 
automatic tests. The second group contains tests 16 through 18. These tests require user assistance 
and are referred to as the manual intervention tests. The last group containing tests 19 and 20 is 
referred to as optional tests. 

5.5.2.2 Test Preparation, PDT979. PDT979 requires a keyboard /display device such as an ASR 733 
or 912 CRT for communication with the user. The baud rate of the interface module is calculated by 
the PDT and can be either 300, 1200, or 9600. On the 960 computer, the interface module is expected 
in CRU slot EFO. This may be changed by patching relative address 4 and restarting the PDT from 
relative address 0. On the 980 computer, the interface module is expected to be I/O BUS ADDRESS 
5. A minimum of 12K of memory is required. An error free scratch tape with at least 21.3 metres (70 
feet) between BOT and EOT is also required. 

5.5.23 Loading Procedures, PDT979. To load PDT979, follow standard loading procedures. After 
the last record of the object media has been read, PDT979 will go into execution and print a title 
message on the logging device giving part number and revision level. It then prints a request for a 
user supplied parameter and waits for a keyboard response. At that time, verify the scratch tape is 
loaded, ready, and at the BOT marker. 

5.5.2.4 Operating Procedures and Error Messages. For operation of PDT979, refer to Appendix E, 
paragraph 3.0. Appendix E contains document number 941662-9901 , SDP, PDT979 Magnetic Tape 
Transport, 800/1600 bpi - PDT960/980. 

5.5.3 TESTS AND ADJUSTMENTS USING THE 979A FIELD TESTER, The field tester is a 
portable, logic-card sized unit that plugs into slot J4 in the tape transport card cage. A description of 
field tester controls and indicators is contained in Appendix D. 

In addition to using the following tests as a confidence check, these tests will assist field maintenance 
personnel in performing corrective adjustments and in isolating faults to the replaceable assembly. 
These tests are essentially standalone. It is not necessary to perform all tests nor is it necessary to 
perform the tests in any specific order, except in the case of data and data control cards and where 
specifically noted. Except for fault isolation, all internal circuits may remain interconnected. 

The field tester, a standalone portable tester, allows the transport to be tested in an environment 
isolated from computer and controllers, thereby eliminating faults that may be external to the tape 
transport. The tester connects directly to the I/O input connector in card cage slot J4. A built-in 
terminator in the field tester eliminates the requirement for a terminator to be installed in card cage 
slot J5 as required in normal operation; therefore, the terminator should be removed from slot J5. 

Table 5-5 outlines tests and adjustments. Test equipment required or suggested is listed in table 5-1. 
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Table 5-5. Tests and Adjustments, 979A Tape Transports 

Table Test/ Adjustment 

5-6 Power Supply Tests and Adjustments 

5-7 Servo System and Control Tests 

5-8 Motion Control Check 

5-9 Capstan Speed Adjustments 

5-10 Crosstalk Shield Adjustments 

5-11 Start/ Stop Time Adjustment 

5-12 Rewind Time Test 

5-13 Read Amplifier Gain Adjustments 

5-14 Tape Tracking and Static Skew Adjustments 

5-15 Read Skew Adjustments 

5-16 Write Skew Adjustments 

5-17 1600 BPI PE Data Tests 

Table 5-6, Power Supply Tests and Adjustments 
NOTE 

Tests are performed using normal equipment loads. If a fault is suspected in 
external wiring, isolate the suspected fault before running this test. Do not 
run this test under a no-load condition, otherwise parameters will fall 
outside of limits and may point to erroneous faults. If all except the source is 
to be isolated, it will be necessary to use a load simulator such as the Power 
Supply Load Simulator, part number 937009-0001 (or equivalent) listed in 
table 5-1. 

Step Procedure 

1. Set transport ac POWER to OFF, disconnect ac power cable from source, remove 
capstan/regulator board from card cage slot A1A4J1 (GREEN DOT). Mount an extender 
board and reinsert in A1A4J1. 

2. Using schematic for capstan/ regulator (see schematic 2 1 6508 in the Model 979 A Tape Transport 
Subsystem Drawings Manual, part number 949613-9702) and an ohmmeter, check for shorts 
between regulators, between regulators and logic ground, and logic ground and chassis. 

3. Disconnect I/O cables (or terminator) from connectors A1A4J4 and A1A4J5 in card cage. 

4. Connect transport ac cable to ac source. Check that capstan/ regulator is inserted in an extension 
card and connected to A1A4JI; then set ac POWER to ON. 
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Table 5-6. Power Supply Tests and Adjustments (Continued) 

Step Procedure 

5. At the rear of the power supply assembly (Al A2 at the top of the transport) there are four test 
points for monitoring regulated voltages. Use ground bar on capacitors for return lead from 
voltmeter. With digital voltmeter, check the following test points in the order listed. 

Check +5V and if necessary adjust Rl 18 on capstan/ regulator for 5.0 Vdc ±0. 1 Vdc. If voltage 
cannot be adjusted within limits, check +12V UNR at the fuse block. 

If unit cannot be adjusted replace capstan/ regulator. 

Check +I2V and if unit does not read 1 1.7 to 12.3 Vdc, replace capstan/ regulator (this card 
contains no adjustment for +I2V). 

Check -6V and if necessary adjust R76 on capstan/ regulator for 6.0 Vdc ± 0.1 Vdc. 

Check -12V test point and if necessary replace capstan/ regulator (the card contains no 
adjustments for -12V). 



Table 5-7. Servo System and Control Tests 

Step Procedure 

NOTE 

Servo System and Control Logic Tests. These tests check operation of 
various sensors and controls circuits governing drive direction and speed of 
reel motors. 

Preliminary Checks: 

a. All cards inserted in proper slots, A1A4A1 on extender board and inserted into slot Jl. 

b. I/O cables disconnected from slots J4 and J5. 

c. Transport connected to ac source. 

d. Remove any existing supply tape from transport. 

1. Set transport ac POWER to OFF. 

2. Remove vacuum column cover and glass. 

3. Install 979 A field tester (part number 948272-1) into slot J4. 
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Table 5-7. Servo System and Control Tests (Continued) 
Step Procedure 

4. Set field tester controls as follows: 

FWD/OFF/REV OFF 
OFF/SEL OFF 

SET-WRT/OFF/SET RD OFF 

i/JU/o 1 

AUTO REV OFF 
GO-STOP/ OFF/ FWD-REV OFF 



5. Set transport POWER to ON. Only the FILE PROTECT indicator should light. If it does not 
check file protect switch and circuitry. 

6. Install a small reel of tape with BOT and EOT markers located approximately 305 mm (12 inches) 
apart. 

NOTE 

The vacuum column cover is not required because no tape is loaded in this 
operation. 

7. Thread tape normally onto take up reel and position BOT/ EOT markers as described in the 
following steps. 

8. Connect voltmeter or oscilloscope to pin d on capstan/ regulator board (voltage to be measured is 
not critical). Pin d is the output of the BOT detector. 

9. Position tape so that BOT marker is under BOT detector. See below for BOT marker positions. 

BOT 



• l L—25.4 MM__J 

J I ~(1 .0 IN.fn 



9.525 MM 
(0.375 IN.^ 
1 2.7 MM "T" 
(0.5 IN.) | 



t 



EOT 



MYLAR SIDE OF 
TAPE (SHINY SIDE) 



FORWARD DIRECTION OF TAPE 
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Table 5-7. Servo System and Control Tests (Continued) 

Step Procedure 

10. Observe increase of voltage when BOT marker is positioned under detector. 

When BOT marker is under sensor indication shall be >+4 Vdc. When BOT marker is not under 
sensor indication shall be <-4 volts (more negative). 

If measurements fall outside of limits, mechanically adjust the BOT detector. If voltage level is not 
satisfactory, check BOT detector and circuitry on capstan/ regulator. 

1 1 . Connect oscilloscope or voltmeter to pin 37 on capstan/ regulator board. This is the output of the 
EOT detector. 

12. Position EOT marker under EOT detector and note voltage when EOT marker is and is not under 
the detector. 

When the EOT marker is under sensor indication shall be >+4 Vdc. When EOT marker is not 
under sensor <-4 Vdc (more negative). 

If necessary, mechanically adjust EOT detector. If required, adjust BOT/ EOT marker so that both 
the conditions of steps 11 and 13 are met. 

13. Remove small reel of tape from transport. 

14. Press LOAD on tape transport. The vacuum motor should start and the supply reel hub should 
tend to turn in the CCW direction. This tendency can be verified by turning the supply reel hub by 
hand: the supply reel hub should require slightly more torque to turn in the CW than in CCW 
direction. After 8 to 15 seconds, the supply reel starts turning slowly clockwise. 

Check servo amplifier assembly (A1A3). Reel servo card (A1A4A2) and wiring before suspecting 
motor. 

15. Press RESET. 

16. Press LOAD. When the supply reel hub starts turning, CCW, place black tape over vacuum column 
sensor Ql (sensors one on the right-side rail; Ql is topmost). 

Supply reel hub starts turning faster in CW direction and capstan turns in CCW direction. 
Check wiring and switch. 

17. Place black tape over vacuum column sensor Q2 (next sensor down from top on right-side rail). 

Supply reel hub stops but capstan continues turning CCW. After 10 to 20 seconds capstan stops 
and vacuum motor turns off. 

18. Remove tape from Ql and Q2 sensors. 

19. Press LOAD. When supply reel starts turning place tape over Ql and Q2 sensors. 

20. Place tape over sensor Q7 (lowest sensor on right-side rail). 
Take-up reel starts turning CW. 
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Table 5-7. Servo System and Control Tests (Continued) 

Step Procedure 

21. Place tape over sensor Q6 (second sensor from bottom on right-side rail). 

Take-up reel should stop. Approximately 10 seconds after the above occurs, capstan reverses to a 
CW direction. 

NOTE 

In the next step, it is convenient to use a pocket scale with the EOT/BOT 
reflective strips near one end. 

22. Place a reflective surface approximately 4 mm (0.15 inch) in front of BOT sensor. 
The capstan stops and the READY indicator lights. 

23. Momentarily cover sensor Q3, top of center group. 
The supply reel hub turns CCW while Q3 is covered. 

24. Momentarily cover sensor Q5 bottom of center group. 
The take-up reel should turn CW. 

25. Momentarily cover sensor Q4, center sensor. 
Vacuum motor and READY indicator shut off. 

26. Remove tape from all sensors. 

27. Press LOAD switch and quickly place tape over sensors Ql, Q2, Q6 and Q7. 
Tape starts driving in forward direction. 

28. Before the 10 second timeout and reversal of tape direction, place a reflective surface in front of 
BOT sensor. 

After BOT detection the capstan reverses to the CW direction. 

29. Remove, then replace the reflective surface in front of the BOT sensor. 
Capstan stops immediately and READY indicator lights. 

30. On the field tester, set the OFF/SEL switch to SEL. 

SELECT indicates or tape transport lights. 

If not, check control logic card A1A4A3 input circuit at pin 16. Check lamp on tape transport 
control panel. 

31. Quickly twist the supply reel hub and the takeup reel hub in both directions (CW and CCW). 
Dynamic braking should be felt in both directions. 



5. 1 3 Digital Systems Division 



J**n 



949613-9701 



Table 5-7. Servo System and Control Tests (Continued) 
S* e P Procedure 

32. On the field tester, set the FWD/OFF/ REV switch to FWD. Capstan drives in forward direction 
(CCW). 

33. Quickly twist the supply reel hub and the takeup reel hub in both directions (CW and CCW). 
Dynamic brake only applied in CCW direction. 

34. On the field tester, set the FWD/ OFF/ REV switch to REV. Capstan drives in reverse direction 
(CW). 

35. Quickly twist the supply reel hub and the takeup reel hub in both directions (CW and CCW). 
Dynamic brake only applied in CW direction. 

36. On the field tester, set the FWD/OFF/ REV switch to OFF. Capstan drive stops. 

37. On the tape transport control panel press RESET. READY indicator goes out. 

38. Press the control panel REWIND switch. 

Capstan turns CW and slowly increases speed to maximum. 

39. Remove tape from sensor Q6. 

Takeup reel hub turns CW and capstan speed decreases. 

40. Place tape over Q6. 

The takeup reel hub stops and capstan speed increases. 

41. Place tape over Q3. The supply reel hub turns CCW and capstan j,peed decreases. 

42. Remove tape from Q3. 

The supply reel hub stops and capstan speed increases to maximum. 

43. Press RESET switch on control panel. 
Capstan stops. 

44. Press the LOAD switch on control panel. 
READY indicator lights. 

45. On the field tester press the REWIND switch. 

Capstan turns CW and increases speed to maximum, and READY indicator goes out. 
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Table 5-7. Servo System and Control Tests (Continued) 

Step Procedure 

46. Using the reflective strip, generate three BOT's. 

1. Capstan reverses direction to CCW. If not, check motion control card. 

2. The second BOT causes the capstan to reverse to C W direction. If not, check motion control 
card. 

3. On the third BOT the capstan should stop. 

47. Set the file tester FWD/OFF/REV to the REV position. 
Capstan turns in CW direction. 

48. Using the reflective strip, generate a continuous BOT. 
Capstan stops. 

49. Remove the reflective strip from BOT detector. 
Capstan turns CW. 

50. Press RESET switch on control panel. 
Capstan stops and ready lamp goes out. 

51. Press the UNLOAD switch. 

Capstan turns in CW direction and slowly accelerates to maximum speed. 

52. Using reflective strip, generate a BOT. 

Capstan momentarily stops, then resumes CW rotation at less than maximum speed. 

53. On the control panel, press RESET then LOAD. 
READY indicator lights. 

54. On the field tester, set UNL/OFF/REW to UNL. 

Capstan momentarily stops, then accelerates CW to maximum speed, and READY indicator goes 
off. 

55. Using the reflective strip, generate a BOT. 

Capstan momentarily stops then resumes CW rotation at less than maximum. 

56. Within 2 seconds of step 55, quickly twist takeup reel hub in the CCW direction. While manually 
rotating takeup reel, remove tape from sensor Ql. 

Vacuum motor turns off but the capstan and supply reel should continue rotating for 1 to 2 seconds 
after takeup reel is stopped. 
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Table 5-7. Servo System and Control Tests (Continued) 
Step Procedure 

57. Alternately press REWIND and UNLOAD switch. 
Nothing happens. 

58. Remove all tape from vacuum column sensors. 

59. Remove tape from tape cleaner. 

60. Replace vacuum column cover. 

Table 5-8. Motion Control Check 
Ste P Procedure 

1. Set field tester FWD/OFF/REV to the OFF position. 

2. Switch tape transport ac POWER to ON. 

3. Install a reel with 73 1 .5 metres (2400.0 feet) of scratch tape; thread tape onto takeup reel. Be sure 
tape is taut across top and bottom portions of vacuum column. 

4. Press LOAD switch on tape transport control panel. 

5. After an 8 to 15 second delay while building up a vacuum, the tape is drawn into the top portion of 
the vacuum column. 

6. Forward search for the BOT begins. When BOT is detected, lower portion of vacuum has drawn a 
loop of tape. (If BOT is found too soon, load sequence will abort.) 

7. Forward search continues until BOT is found, or until a delay of 10 to 15 seconds is reached 
Reverse search then starts until BOT is found. If the BOT is not detected during reverse search, tape 
goes off takeup reel, vacuum motor stops and tape transport enters shut down sequence. 

Table 5-9. Capstan Speed Adjustments 

Ste P Procedure 

NOTE 

This adjustment uses a fluorescent light source (area lighting is acceptable) 
and a strobe disk. The strobe disk is shown in figure 5-1 . These disks may be 
cut out, mounted on stiff paper, and used for this adjustment. 

If 60 Hz power is in use at the site, use outer ring on strobe disk; for 50 Hz 
use inner ring. 
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Table 5-9. Capstan Speed Adjustments (Continued) 

Step Procedure 

NOTE 

If a more precise control of capstan speed is required, use a strobescope 
lamp, or a precision tachometer for these adjustments. 

1. Set ac POWER to ON. 

2. Load a reel with 731.5 metres (2400.0 feet) of scratch tape on transport. 

3. Install strobe disk in capstan drive wheel. 

4. Set field tester FWD/OFF/REV to FWD. 
Tape starts driving in forward direction. 

5. Note ring of interest on strobe disk when lighted by fluorescent lamp. 

Ring appears motionless. 

If necessary, adjust R-47 on capstan/ regulator, Al A4A1 . Second potentiometer from top of board. 
Apparent motion of the strobed disk of less than 10 RPM is acceptable. 

6. Set field tester FWD/OFF/REV to REV. 
Tape reverses direction. 

7. Again, note ring on strobe disk. 

Ring appears motionless. 

Adjust R-48 (A1A4A10). Top potentiometer on board. Apparent motion of the strobed disk of less 
than 10 RPM is acceptable. 

'jf? <•£* <ri? 1ri? 

Figure 5-1. Capstan Speed Strobe Disks 
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Table 5-10. Crosstalk Shield Check and Adjustment 

The crosstalk shield is mounted on the head plate assembly and held against the heads by spring 
action. If in the following procedure it is necessary to adjust the shield, loosen the two screws 
holding the shield and then make adjustments to the shield. 

Crosstalk adjustments are necessary for PE transports as well as for NRZI transports. To adjust a 
PE transport, use NRZI control boards, then reinstall PE control boards. 

Step Procedure 

1. Set switches on field tester as follows: 

FWD/OFF/REV OFF 

SET-WRT/OFF/SET-RD SET-WRT 

OFF/SEL SEL 

AUTO REV REV 

1/JlT/O 1 
GO-STOP/ OFF/ FWD-REV OFF 

DATA TRACKS All 9 tracks to "1" 
PE/NRZI NRZI 

(located on right side of field tester) 

2. Connect an oscilloscope channel to track 5 amplifier output (Al A4A8-TP16). Adjust oscilloscope 
to monitor a signal less than 200 mV p-p. If the waveform is not less than 200 mV p-p, adjust tape 
head shield until waveform amplitude is less than 200 mV p-p. 

NOTE 

In addition to adjusting the shield, it may be necessary to separate the read 
and write head cables better to achieve this low reading. 

3. Refer to figure 5-5 for location of test points and check all other track amplifier outputs for similar 
or lower levels of write-to-read crosstalk. 
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Table 5-11. Start/Stop Time Adjustment 
Step Procedure 

1. Connect oscilloscope probe to TP1 on capstan/ regulator. TP1 is just above the third potentiometer 
from the top of the board, behind the diodes (CRI-CR4). Oscilloscope settings: 5V/ DIV, 
+SLOPE, AC TRIG. 2ms/ DIV. Change oscilloscope slope setting to — SLOPE when checking 
negative component of signal. 

2. Set field tester GO-STOP/ OFF/ FWD-REV to GO-STOP, and FWD/OFF/REV to FWD. 
Waveform shall be adjusted as shown below. 

FIELD TESTER 
A 



AIA4AITP1 



ADJUST R1 ON A1A4A1 



FORWARD 

POT 
- %25M! 



JSTART] 
PULS 



10.7 
MS 

T1 



STOP POT 
:25MS — »| 



+ 8 ± IV. 



STOP 
PULSE, 



H10.7 r* — 



ADJUST R4 ON A1A4A1 



MS 

T2 



Adjust FWD and/ or STOP potentiometers on field tester for start/ stop cycles. Adjust Rl on 
A1A4A1 (third potentiometer from top on capstan/ regulator) for start pulse width; adjust R4 on 
A1A4A1 (fourth potentiometer on capstan/ regulator) for stop pulse width. 

NOTE 



3. 



The following steps show waveforms that are not readily adjustable; they are 
included as part of the confidence test for information only. If waveforms 
are not present or are grossly out of limits, use regular troubleshooting 
techniques to isolate unit or board for replacement. 

Connect oscilloscope to TP2 (between R47 and R48 at the top of the board) and observe the 
following waveform. 



-7.5±1V 



ov 





STOP 
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Table 5-11. Start/Stop Time Adjustment (Continued) 

Procedure 



Step 



4. Connect oscilloscope to black tachometer lead and check capstan response per following 
waveform. Verify that there is no overshoot or undershoot which exceeds 2 percent of steady state 
value. Check to see that the output at time Tl and T2 is within 2 percent of steady state value. 



OVERSHOOT 



1 . 5 ± . 5V 



OV 



r 



i 



A 



Tl 



v: 



NDERSHOOT 



T2 



FA 



OVERSHOOT 



Set field tester GO-STOP/ OFF/ FWD-REV to FWD-REV and again observe the black lead to the 
tachometer for a waveshape similar to the following: 





^ OVERSHOOT 

s \ 


* 


+ 1 . 5 ± . 25V 

, UNDERSHOOT 
** ^ -1.5+ . 25V 


ov- 


A 


UNDERSHOOT 


X 




T2 + Tl 




Tl + T2 











Table 5-12. Rewind Time Test 
Step Procedure 

1. Set field tester for continuous forward motion (FWD/OFF/REV to FWD) without automatic 
rewind (REW/OFF/REV set to OFF). Allow tape to run to EOT. 

2. On tape transport control panel, press RESET, REWIND and LOAD. Start a stopwatch or other 
timer. 

With 731.5 metres (2400.0 feet) of tape, tape rewinds in less than 200 seconds. 

3. When test is complete, press UNLOAD, remove scratch tape and turn ac POWER to OFF. 

4. Remove extender board and replace capstan/ regulator board in slot Jl. 
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Table 5-13. Read Amplifier Gain Adjustments (NRZI Only) 
Step Procedure 

1. Set the field tester to the following settings. 

FWD/OFF/REV OFF 

OFF/SEL SEL 

AUTO REV OFF 

UNL/OFF/REW OFF 

UNL/OFF/REW OFF 

SET WRT/OFF/SET RD OFF 

l/JU/0 I 
GO-STOP/ OFF/ FWD-REV OFF 

2. Load a master output level test tape or other good quality tape on transport. 

NOTE 

Only make complete passes with this test tape, i.e., do not stop and start the 
tape between BOT and EOT. Do not rewind the tape at fast speed, instead 
use the transport's reverse drive capability. 

3. Set the oscilloscope as follows: 2V/DIV; 20 /zsec/DIV; -f SLOPE, AC TRIGGER. 

4. Connect oscilloscope probe to TP1 on NRZI control card (see figure 5-2 for location). This is track 
(channel) #1 amplifier output. 

5. Set field tester FWD/OFF/ REV to FWD. Indication shall be 10V pk-to-pk. If not, adjust R8 for 
10V pk-to-pk. 

NOTE 

If read amplifier gain is increased for any channel, recheck the crosstalk 
adjustment, as shown in table 5-10. 



6. Repeat the above for the remaining eight channels; test points and adjustments are shown in figure 

7. When tape reaches EOT, set field tester FWD/OFF/ REV to REV and wait for tape to reach BOT, 
then unload tape, or continue testing until complete. Wait for EOT, set REV and then unload tape 
when EOT is reached. 
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(979A- 1277-4 2-9) 



BLUE COLORED CARD 
EJECTOR 



R8 (TRACK 1 ) 
TPI (TRACK 1 ) 



Figure 5-2. NRZI Control Card A1A4A6 




PURPLE COLORED CARD 
EJECTOR 



R8 



TPI (TRACKS 2,4,6,8) 



R49 



TPI 6 (TRACKS 3,5,7,9) 



(979A- 1277-42- 12) 



Figure 5-3. NRZI Data Card A1A4A7 
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Table 5-14. Tape Tracking and Static Skew Adjustments (NRZI Only) 
Step Procedure 

NOTE 

These procedures are normally performed at the depot. 

1. Set tape transport ac POWER to OFF. 

2. Remove holding screw from card cage and swing card cage out. 

3. Disconnect write-head cable PI from connector J 15 mounted on the right rear of the card cage. 

NOTE 

Leads from connector PI consist of a wire bundle from the write head laced 
with a single wire from the erase head. 

4. On the one NRZI control card (A1A4A6) and on the four NRZI data cards (A1A4A7 through 
Al A4A10) there are a total of 18 6-function DIP switches: two on one half of the control card (see 
figure 5-2) and four on each of the data cards (see figure 5-3). Set all 108 switches to ON. (Figure 
2-35) 

5. Set tape transport ac POWER to ON. 

6. Load master tracking test tape. 

7. Connect oscilloscope probe to TP16 on NRZI data card Al A4A8. TP16 in this position represents 
track #5 analog amplifier output. TP16 is the first pin on the lowest test point strip. 

8. Set field tester FWD/OFF/REV to FWD. 

9. Adjust oscilloscope settings for 0.2 V/ DIV and 50 jusec/ DIV. Adjust vertical control to produce 5 
divisions peak amplitude for the two largest positive peaks. 

10. Compare the oscilloscope waveform with those in this table, and follow instructions for determin- 
ing shim thickness. 
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Table 5-14. Tape Tracking and Static Skew Adjustments (NRZI Only) (Continued) 
Step Procedure 




— e 1 = e 2 



A. TAPE TRACK ALIGNMENT GOOD 



B. TAPE TOO CLOSE TO 
BASE PLATE 



ei 



7\A 



W 



C. TAPE TOO FAR FROM 
BASE PLATE 



If oscilloscope presentation is not similar to waveform A, use the table that follows to determine 
shim thickness, or use formula a or b to calculate the thickness. Record thickness but DO NOT 
change shim at this time. 

a. Tape too close to base plate 



ei - e-i 



ej +e 2 



X 18 = 



TRACK ERROR IN 
THOUSANDTHS OF AN INCH 



b. Tape too far from base plate 
e 2' e i „ _ 



TRACK ERROR IN 



A 

e x +e 2 


THOUSANDTHS OF AN INCH 




(When First Peak 
PEAK #2 
HEIGHT = 


= 5 Divisions) 
GUIDE SHIM 
THICKNESS 
(in.) 


(When Second Peak = 5 Divisions) 
PEAK #1 GUIDE SHIM 
HEIGHT = THICKNESS 
(in.) 


5.0 


0.010 (nominal) 


5.0 


0.010 (nominal) 


4.5 


0.011 


4.5 


0.009 
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Table 5-14. Tape Tracking and Static Skew Adjustments (NRZI Only) (Continued) 
Step Procedure 

4.0 0.012 4.0 0.008 

3.6 0.013 3.6 0.007 

3.2 0.014 3.2 0.006 

Z.O U.U1J ^.5 V.KAJJ 

12. On field tester, set FWD/OFF/REV to REV and run tape to BOT. 

NOTE 

Do not use the rewind function on a Master Skew Tape. Excessive tension 
may cause tape distortion. 

13. Connect oscilloscope channel #1 to TP6 on NRZI Data Control card, Al A4A6. This is tape track 
#1. Connect oscilloscope channel #2 to TP1 1 on NRZI Data card, Al A4AI0. This is tape track #9. 

14. Set oscilloscope display mode to ALTERNATE, 2V/ DI V. (both channels), 2 jusec/ DI V, trigger on 
CH #1, NORMAL trigger mode, AC TRIG detection and —SLOPE. 

15. On the field tester, set the FWD/OFF/ REV switch to FWD, check that AUTO REV is set to OFF. 

16. Observe waveforms on oscilloscope, they should be essentially the same shape. However, one may 
lead the other. The time between leading edges is static skew. 

17. Adjust variable sweep rate and horizontal position controls on oscilloscope until one complete 
cycle covers ten divisions; each division now represents 10 percent in static skew. 

18. Measure the skew from leading edge (negative going) of one waveform to the leading edge of the 
other waveform. Note which track is leading (track #1 is connected to oscilloscope channel #1 ; track 
#9 connects to channel #2). If oscilloscope channel #1 leads channel 2, note the skew as a positive 
value. If #2 leads #1, switch trigger source to channel #2 and note skew as a negative value. 

19. Check the skew on tracks 2 through 8 by comparing signals from these tracks with the reference 
established in step 18 above, either track #1 or track #9. The largest skew delay should be between 
track #1 and track #9 with no wild variations among the other 7 tracks. 

20. Jitter will be evident on the trailing waveshape and will increase as the delay increases. If jitter 
exceeds 15 percent, check heads and guides for cleanliness, proper spring action of the guide 
ceramic washers and the four tape exit/ entrance points of the vacuum column to insure that tape is 
not dragging against the sides. If necessary, perform steps 21 through 24 to check tape alignment in 
the path. The following figure represents typical skew and jitter waveforms. 
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Table 5-14. Tape Tracking and Static Skew Adjustments (NRZI Only) (Continued) 
Step Procedure 



1 CYCLE = 33. 3 jUSEC 



CHANNEL * 1 
(TRACK * 1 ) 



CHANNEL H 
(TRACK « 9 



I ' I 




21 . Exchange master tracking tape with a scratch tape. !f tracking tape must be rewound, use RE Verse 
drive. Load scratch tape and set FWD/OFF/REV to FWD. 

22. Using a small (65 x 75 mm « 2.5 x 3.0 inches) mirror and inspection light, check tape position 
relative to the four exit/ entrance points of the vacuum column. Verify tape does not touch either 
edge of vacuum column at all four locations. Tape may appear to touch the vacuum column 
somewhere in the bend of the tape. 

23. Set field tester GO-STOP/ OFF/ FWD-REV switch to FWD-REV and adjust the GO-FWD and 
STOP-REV potentiometers to approximately 10 seconds forward and 8 seconds reverse, 
respectively. 

Set FWD/OFF/REV to FWD. 

Set OFF/SEL to SEL. 

Set AUTO REV to REV. 

24. Recheck tape position in column at four points. Also verify that tape does not vary more than 0. 1 27 
mm (0.005 inch) on the capstan between forward and reverse directions. Check guide roller position 
at three places, reel position at two places and capstan guide roller at one place. Make any 
corrections necessary. After tracking checks and adjustments, if necessary, unload scratch tape. 

25. Using the noted "percent of skew" between tape track #1 and track #9, and the guide shim thickness 
recorded in step 1 1 , determine actual required shims for the tape guides (A and B) from the chart 
shown in figure 5-4. 

26. If additional shimming is not required and steps 21 through 24 were performed, unload scratch 
tape and proceed to Read Skew Checks and Adjustments in table 5-15. 

27. If it is determined that additional shimming is required, unload tape. 
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Table 5-14. Tape Tracking and Static Skew Adjustments (NRZI Only) (Continued) 

Step Procedure 

NOTE 

Do not rewind a Master Skew tape. Instead set the FWD/OFF/ REV on the 
field tester to REV and reverse drive the tape to BOT and then unload. 

28. Install shim(s) as calculated in step 25. If shims were installed at time of assembly, be sure to include 
the value of shim in calculations. 

Table 5-15. Read Skew Checks and Adjustments (NRZI Only) 
Step Procedure 

1. Load tape transport with the Master Skew tape. 

NOTE 

Do not perform a rewind operation on this tape. Use reverse drive to wind 
tape onto supply reel (Master Skew tape reel). 

2. Set both channels of oscilloscope to 2V/DIV., 2 /usec/DIV., Trigger on CHI, AC trigger, 
+SLOPE, and ALT. Mode. 

3. Set field tester FWD/OFF/ REV to FWD and SET-WRT/OFF/SET-RD to SET-RD. 

4. Connect oscilloscope channel 1 probe to A1A4A6 at TP6 (tape track 1) and channel 2 probe to 
A1A4A10 at TP11 (tape track 9). Observe waveforms and connect the test point with the leading 
waveform to oscilloscope channel 1. This may be either track 1 or track 9. 

5. Now, referring to Digital Data column in the chart of figure 5-5 probe all other track test points 
with the channel 2 probe while looking for the track digital data output which presents the greatest 
delay relative to channel 1 waveform. Leave the probe connected to the track with the most delay. 

NOTE 

There may be a significant amount of jitter between the two waveforms. If 
the jitter is greater than 4 /usee, check all guides and the vacuum column for 
causes of jitter and correct. In all the following measurements choose the 
average transition time on channel 2 as the time mark. The average 
transition time is usually the brightest trace in the jitter field. 

6. With the most delayed track connected to oscilloscope channel 2, connect the oscilloscope channel 
1 probe to the test point of the lowest numbered track available (either track #1 or track #2). 
Measure the delay from leading edge (negative going) of channel #1 to leading edge of channel #2. 
Normally this delay should be less than 4 /usee. If this delay is excessive, check mechanical head 
alignment. 
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Figure 5-4. Tape Tracking and Skew Corrections Shims 
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Figure 5-5. Skew Switch and Testpoint Layout 
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Table 5-15. Read Skew Checks and Adjustments (NRZI Only) (Continued) 
Step Procedure 

7. Refer to figure 5-5 and set the read-skew DIP switches of the track connected to oscilloscope 
channel 1 to the delay measured in step 6. For example: if the delay time measured in 3.5 /usee set 
switches 6, 5, and 4 to OFF. This corresponds to 0.5 + 1.0 + 2.0 = 3.5 jusec. Check oscilloscope to 
see that the two waveforms are essentially coincident. 

8. Move the oscilloscope channel 1 probe to the remaining track test points (except track test point 
connected to oscilloscope channel 2) and correct skew as outlined in step 7, if necessary. 

9. After setting track delay, recheck all tracks to see that they are correctly skewed. 

NOTE 

Skew correction is only valid in the forward direction. 

NOTE 

Check the setting of all switches. If the 8 ;usec or 16 /xsec- switch is used, i.e., 
set to OFF, then mechanical skew correction is not valid. Perform 
procedures for static skew, table. 

10. Record the skew switch settings on the table on the left side of the card cage. 

1 1 . Wind tape back onto the supply reel using reverse drive and unload master skew tape. 

12. Reconnect the write-head connector (P1/J15, step 3, table 5-14). 



Table 5-16. Write Skew Checks and Adjustments (NRZI Only) 

Write skew checks and adjustments are performed in essentially the same manner as read skew 
adjustments. First, a determination is made on whether track 1 or track 9 presents the longer delay. 
That track is then used as a reference and monitored on oscilloscope channel 2. All delays are made 
in reference to the channel 2 waveform, the appropriate delay switches are set to OFF, and delay 
data is recorded on the table affixed to the left side of the card cage. In this test data bits are read 
immediately after writing, instead of reading a master skew tape. For this reason, use a good quality 
scratch tape. 

Step Procedure 

1. Load a good scratch tape. 

2. Set field tester FWD/OFF/REV to FWD. Set SET-WRT OFF SET-RD to SET WRT. Set 
1 /JIT/ to 1 . Set all track DATA switches to 1 (data switches are located in the right side of the field 
tester). Set AUTO REV to REW (automatic rewind). 

3. Set oscilloscope as follows: 2V/ DIV. (both channels), AC TRIGGER, +SLOPE, ALT MODE and 
trigger on channel 1. 
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Table 5-16. Write Skew Checks and Adjustments (NRZI Only) (Continued) 
Step Procedure 

4. Connect oscilloscope channel 1 probe to TP6 on A1A4A6 (tape track 1 digital data output) and 
channel 2 probe to Al A4A10 at TP1 1 (tape track 9). Now connect the test point with the leading 
waveform to oscilloscope channel 1. This may be either track 1 or track 9. 

5. Now, referring to the chart in figure 5-5 probe all other digital data track test points with the 
channel 2 probe while looking for the track digital data output which presents the greatest delay 

relative to r>hpnnpl 1 \ya\raft\rm T mvo th*» nrnka ^An^a^ta/J *<-v +U~ *-n~\r .. >;*U *U~ _»._„* J_l„„. 
,v " B "' v '^ vuCiiuv* * na.vn/uu. ^voVv Liiv puui^ buiiilCbi^u iu me nav^K WllH 111C iuOm Qciciy. 

NOTE 

There may be a significant amount of jitter between the two waveforms. If 
the jitter is greater than 4 /zsec, check all guides and the vacuum column for 
causes of jitter and correct. In all the following measurements choose the 
average transition time on channel 2 as the time mark. The average 
transition time is usually the brightest trace in the jitter field. 

6. With the most delayed track connected to oscilloscope channel 2, connect the oscilloscope channel 
1 probe to the test point of the lowest numbered track available (either track #1 or track #2). 
Measure the delay from leading edge of channel #1 to the leading edge of channel #2. 

7. Refer to figure 5-5 and set the write-skew DIP switches of the track connected to channel 1 to the 
delay measured in step 6 above. For example: if the delay time measured is 3.5 jusec set switches 6, 
5, and 4 to OFF. This corresponds to 0.5 + 1.0 + 2.0 = 3.5 jusec. Check oscilloscope to see that the 
two waveforms are essentially coincident. 

8. Move the oscilloscope channel 1 probe to the remaining track test points (except track test point 
connected to oscilloscope channel 2) and correct skew as outlined in step 7, if necessary. 

9. After setting track delay, recheck all tracks to see that they are correctly skewed. 

10. Record the skew switch settings on the table affixed to the left side of the card cage. 
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Table 5-17. 1600 BPI PE Data Tests (PE Only) 

NOTE 

Phase encoded control and data cards have no adjustments. Deskewing for 
PE data is under control of the 979A Magnetic Tape Controller in the 990 
system on the TIU in a 960/980 system. These checks may be used to isolate 
PE problems after completing diagnostic tests or troubleshooting pro- 
cedures. 

Step Procedure 

1. Set tape transport ac POWER to OFF and check that PE control card is located in slot tor 
A1A4A6; PE Data cards in slots for A1A4A7, A8, A9, and A 10. 

2. Set field tester as follows: 

FWD/OFF/REV OFF 
SET-WRT/OFF/SET-RD SET-WRT 

NRZI/PE PE (Located on right side of field tester.) 
Track DATA switches Set all switches to "1". 

3. Install field tester in slot J4 in card cage. 

4. Remove card Al A4A8, install on extender board and reinsert in slot J8 (tracks 4 and 5 are on this 
board). 

5. Set tape transport POWER to ON. Load a scratch tape on transport but do not set tape to drive 
after reaching BOT. 

6. Connect an oscilloscope probe to C27 (-) (amplifier output, track 5). Adjust oscilloscope to display 
a waveform less than 1.0 V p-p. See figure below. 

7. Monitor amplifier output for a voltage less than 1 .0 V p-p. If voltage exceeds this limit, check read 
head cables for proper shielding and separation from write head cable, particularly at the base of 
the heads. If necessary, adjust the crosstalk shield as outlined in table 5-10. 

8. Check all other track amplifier outputs. Refer to figure 5-6 for locations and reference designators. 

9. Set field tester FWD/OFF/REV to FWD. 

10. Monitor the data output connector pins for all tracks, shown in figure 5-6. 

1 1 . Change the data pattern switches (on right side of field tester), and check that appropriate tracks 
change. Check tape head wiring (J15 and J 16) and appropriate logic card if no error results. 

12. After satisfactory completion of tests, unload tape, set tape transport ac POWER to OFF, remove 
field tester, replace all data and control cards in card cage, check that all connections are properly 
made including I/O cables (or terminator). 



5-32 Digital Systems Division 




PE CONTROL CARD A1 A4A6 



(DATA OUTPUT) 
PIN 9, K 




CI 1 (-) PE 
TRACK 1 
(AMP. OUT) 



PIN 9, K 

(DATA 

OUTPUT) 



Td^ta 5 6utput) 



PE DATA CARDS A1 A4A7 , A8, A9 , A1 









iwraSl 



;;:||^f^^: : |r.:;. || g* 

::■:■& *& ...-C0. v ^: 

*' 3 T$i#;f?#H 



■ta^*:^ : ^5- ,v. y .^ - vV;: ^ ... /?T ***** . 



•*. * v S^'S - . S * S 4 S * ft 



CI 1 (-) PE 
TRACKS 2 , 
4, 6, 8 
(AMP. OUT) 



C27 (-) PE 
TRACKS 3, 5, 
7, 9 (AMP. 
OUT) 



HI 



(A) 138244 (929A-1 277-42-3, 10) 



Figure 5-6. PE Control and Data Cards, Test Points 




949613-9701 



5.6 TROUBLESHOOTING PROCEDURES 

Repairing the magnetic tape system in the field is relatively easy because the problem is usually 
resolved to a replaceable assembly, or to cleaning or adjusting operation as described in preventive 
maintenance (paragraph 5.4). Troubleshooting this system under the diagnostic test program is 
described in the previous paragraph. However, the steps of table 5-18 give a list of possible problems 
connected with a malfunction. This table primarily serves as an aid in repairing the tape transport. 
The interface controller is checked out with the diagnostic tests. For the tape transport further 
isolation of a suspected fault may be necessary to identify the replaceable subassembly. 



Table 518. Model 979 A Tape Transport Troubleshooting Procedures 



Step 


Malfunction 


Probable Cause 


Remedy 


1. 


No power to transport. 


a. Power not available at source. 


a. Check power at source. 






b. Fuse Fl open. 


b. Replace fuse at top rear 



of chassis next to ac 
power inlet. 



c. Transformer Tl open 



c. Check pins 1 and 3 on 
TBI in power supply 
assembly. 



Some or all dc voltages 
missing. 



a. Transformer Tl open 



a. Check voltages at fuse 
block (unregulated DC 
Fuses), check input to 
rectifiers CR1 and CR2. 
Use schematic 948159 to 
isolate fault. 



b. Rectifiers CR1 and/or 
CR2 open. 



b. Replace defective recti- 
fiers. 



c. Capstan/regulator circuit card. c. Replace circuit card 



defective. 



A1A4A1. 



No vacuum. 



a. Relay Kl on power supply 
assembly does not energize. 



a. Check operation of VAC 
relay circuit on Logic 
card. Check voltage across 
relay coil Kl. Replace Kl 
if necessary. Check DC 
power supply voltages. 
Replace capstan/regulator 
card if necessary. 



b. Blower motor defective. 



b. Replace blower motor 
assembly. 
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Table 5-18. Model 979A Tape Transport Troubleshooting Procedures (Continued) 



Step 

4. 



5. 



Malfunction 

Tape does not enter 
vacuum column 



Excessive tape in supply 
vacuum column with sub- 
sequent system shut-down. 



Excessive tape in take-up 
vacuum column with sub- 
sequent system shut-down. 



Excessive tape build-up in 
either column, no system 
shutdown. 



Probable Cause 

a. Tape incorrectly threaded. 

b. No vacuum. 



a. Supply /take-up reel motors 
malfunctioning. 

b. Vacuum column lamps 
or sensors defective. 



a. Supply/take-up reel motors 
malfunctioning. 

b. Vacuum column lamps or 
sensors defective. 



a. -20 volts not available. 



b. Defective sensor board. 



c. One or more defective lamps. 



Remedy 

Check: 

1. Vacuum column cover 
correctly installed. 

2. Vacuum column seals. 

3. Motor operation. 

4. Time-out circuit on 
motion control logic 
card assembly 216548 
(A1A4A3) defective (Q3 
and Q5 circuits). Replace 
card. 

5. Defective VAC relay cir- 
cuit on motor control 
logic assembly 937027 
(A1A4A3). Replace 
card. 

a. Go to step 16. 



b. Replace defective compo- 
nents: lamp strip or sen- 
sor strip. 

a. Go to step 15. 



b. Replace defective compo- 
nents: lamp strip or sen- 
sor strip. 

a. Check: 

1 . Fuse F4. 

2. -20 volt regulator 
(A 1 A4A 1 , capstan/ 
regulator). 

b. Replace vacuum column 
sensor strip. 

c. Replace defective lamp 
strip. 
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Table 5-18. Model 979A Tape Transport Troubleshooting Procedures (Continued) 



Step 


Malfunction 


Probable Cause 


Remedy 


8. 


Tape rewinds off take-up 


a. BOT marker missing. 


a. Affix new BOT marker 




reel at high speed rewind 




to tape. 



9. 



10. 



11. 



Tape winds off supply 
reel at high speed. 



Tape does not unload. 



FILE PROTECT does not 
light with protected tape 
installed. 



b. BOT detector lamp assembly 



c. Logic card (Motion Con- 
trol A1A4A3) 

a. Transport not under 
computer control. 

b. EOT marker missing. 



c. EOT detector/lamp 
assembly. 

d. Computer software not 
checking for EOT status 

a. Relay Kl (Power supply 
module) does not energize. 



b. Control circuits on capstan/ 
regulator assembly. 

c. Unload logic on logic card 
a. Switch defective. 



12. 



No channels read and/or 
write. 



b. Lamp defective. 

c. Lamp driver defective. 

Data control logic. 



b. Replace BOT lamp/detec- 
tor assembly. 

c. Replace logic card 



a. Computer operating and in 
RUN mode. 

b. Affix new EOT marker 
to tape. 

c. Replace EOT detector/ 
lamp assembly. 

d. Verify software checks for 
EOT. 

a. Suspect capstan/regulator 
assembly , A 1 A4 A 1 . Use 
schematic 948176 and 
216508 in drawing 
manual, part number 
949613-9702, as an aid 
in isolating fault. 

b. Replace capstan/regulator 
card,AlA4Al. 

c. Replace logic card 
(A1A483). 

a. Check switch action at 
P2-3 and 4; refer to 
schematic 948226 and 
948230 in drawing manual, 
part number 9496 13-9702. 

b. Replace lamp. 

c. Replace capstan/regulator 
card,AlA4Al. 

Replace NRZI or PE data 
control assembly, A1A4A6. 
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Step 


Malfunction 


Probable Cause 


13. 


No read and/or write on 
certain channels. 


NRZI or PE data assembly 



14. 



15. 



Table 5-18. Model 979A Tape Transport Troubleshooting Procedures (Continued) 



Remedy 

Perform test outlined in ap- 
plicable tables 5-10 through 
5-16 to determine which 
channels are faulty; replace 
faulty data cards, Al A4A7- 
A1A4A10. 

a. Replace capstan/regulator 
assembly. 

b. Replace capstan motor 
and tachometer assembly 

c. Replace logic card 
(A1A483). 

a. Replace reel servo assem- 
bly, A1A4A2. 

b. Replace motor assembly. 



No capstan drive. 



Supply or take-up reel 
motors inoperative. 



a. Capstan/regulator, Al A4A1 . 

b. Capstan motor/tachometer. 

c. Logic forward/reverse logic. 

a. Reel servo assembly. 

b. Supply or take-up reel motors 



5.7 TROUBLESHOOTING AIDS 

Reference figures 5-7 through 5-14 for aid in performing troubleshooting procedures. 

5.8 TRANSPORT SUBASSEMBLIES, REMOVAL AND REPLACEMENT PROCEDURES 

The following procedures facilitate removal and replacement of major subassemblies of the 979A 
Tape Transport. When a major subassembly is found to be defective, remove and replace with a 
known-to-be-good unit, and return the defective subassembly to the nearest depot repair facility for 
disposition. 

5.8.1 PRINTED CIRCUIT CARD, REMOVAL AND REPLACEMENT. Printed circuit cards are 
located in the card cage mounted in the rear of the assembly, see figure 5-15. Remove printed circuit 
cards from the card cage as follows: 

1. Set tape transport power to OFF. 

2. Place thumbs under card ejectors towards the inside of the card, and pull out on ejectors. 
Slide card from cage. 

Install printed circuit cards in card cage as follows: 

1. Check that tape transport power is OFF. 

2. Locate the appropriate card cage slot for the card to be inserted. The colored dots at the 
top of the card cage match the color of the top ejector on the card. 
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CONTROLLER 

DAISY CHAIN 



Hj_n5_VAC 



© 



CONTROL PANEL 



O 



CONTROLLER 
INTERFACE 



I 1 1 I I I | | | C0NTR0LS | | | 1 | I NDICATORS 



{ \ \ 



I 115 VAC 



O Q 



DATA CONTROL 



©Q ©Q 



READ/WRITE 
ELECTRONICS 




* ^^ CAPSTAN 
REGULATOR 



+ 20V UNR 

±12VOC 

-5.-6VDC 



o, 



POWER 
SUPPLY 

HS PANEL 



115 
VAC 



KEY SLOT SCHEMATIC THEORY 
PARA. 

A J1 216508 4.3.2.1 



216549 OR 4.3.2.3 

937029 4.3.2.4 

4,3.2.5 



J7-J10 948234 4.3.2.7 

J6 216540 4.3.2.6 



H J7-J10 216537 4.3.2.6 

I - 948159 4.3.1 



948176 1.4.2 

4.3. 2ff 



TITLE/FUNCTIONS PERFORMED 

CAPSTAN/REGULATOR. CAPSTAN SERVO AMPLIFIER, POWER SUPPLY 
REGULATORS, BOT/EOT SENSOR AMPLIFIERS. PANEL LAMP DRIVERS, 
RELAY DRIVERS. 

REEL SERVO. CONTROLS SPEED AND DIRECTION OF REEL MOTORS, 
DYNAMIC BRAKING CIRCUIT. 

MOTION CONTROL LOGIC. MOTION CONTROL, VACUUM CONTROL AND 
STATUS LOGIC; REACTS TO LOCAL. REMOTE, OR INTERNALLY GENER- 
ATED COMMANDS TO CONTROL TAPE MOVEMENT. 

!HTER«CB'TB»«m» TOR SLOTS. INPUT PROM CONTROLLER CONNECTS 
TO J4. OUTPUT TO NEXT TRANSPORT (DAISY-CHAINING) OR TERMINATOR 
CONNECTS TO SLOT J5. 

NRZI CONTROL. CONTAINS LOGIC TO PROCESS DATA AND CONTROL 
SIGNALS FOR THE NINE DATA TRACKS. ONE HALF OF NRZI CONTROL 
CONTAINS TRACK 1 DATA CIRCUITS. 

NRZI DATA. CIRCUITS TO RECORD AND PLAYBACK DATA FOR TRACKS 2 
THROUGH 9. RECORD OR PLAYBACK FORMAT IS 800 BPl/TRACK. 

PE CONTROL. PERFORMS FUNCTIONS SIMILAR TO NRZI CONTROL. 
FORMAT IS PHASE-ENCODED, 1600 BPl/TRACK. 

PE DATA. RECORD/PLAYBACK CIRCUITS FOR PE DATA. 

POWER SUPPLY ASSEMBLY (HS = HEAT SINK ASSEMBLY). CONTAINS 
TRANSFORMER, RECTIFIERS, AND PASS TRANSISTORS MOUNTED ON A 
HEAT SINK. 

SERVO DRIVER PANEL (HS = HEAT SINK ASSEMBLY). CONTAINS DRIVERS 
FOR REEL MOTORS AND CAPSTAN MOTOR. LOWER ASSEMBLY AT REAR 
OF TRANSPORT. 

CONTROL PANEL. CONTAINS SWITCHES AND INDICATORS. SEE FIGURE 
3-2. 



M = MOTOR 

T = TACHOMETER 

FP = FILE PROTECT SWITCH 

VAC = VACUUM 

(C) 138462 



Figure 5-7. Model 979A Functional Block Diagram 
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Figure 5-8. NRZI Write Channel Timing 
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Figure 5-9. NRZI Read Channel Timing 
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Figure 5-10. Phase Encoded Write Timing 
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Figure 5-11. Phase Encoded (PE) Read Timing 
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REMOTE 



REWIND SEQUENCE 
MANUAL 



(A) 138466 (1 /2) 



REMOTE REWIND 

COMMAND 

ISSUED 


NO 

NO 
ACTION 


PRESS RESET 


1 


t 


ir 


/T READY AND\ 

w SELECTED . 


PRESS REWIND 




YES 










jk 



ENABLES LOCAL SWITCHES 




► NO ACTION 



SET FAST 
REVERSE 




REWIND AT ^ 38 10 MM 
(150 IN.)/SEC 



NO 



YES 



RESET FAST 
REVERSE 




TAPE STOPS 



NO 



YES 



9 



Figure 5-12. Rewind Sequence (Sheet 1 of 2) 
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NO 
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C 



SET FORWARD 
SEARCH 




RESET FWD 
SEARCH AND 
SET REV 
SEARCH 



YES 



RESET REV. 
SEARCH 



NO 



GO FWD PAST BOT 



NO 




NO 



TAPE STOPS ON BOT 




YES 



RESET REWIND 
- SET READY 



Figure 5-12. Rewind Sequence (Sheet 2 of 2) 
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REMOTE 



REMOTE 
UNLOAD 
COMMAND 
ISSUED 



UNLOAD SEQUENCE 

MANUAL 




NO ACTION 




ENABLES LOCAL SWITCHES 



SET FAST 
REVERSE 




FAST REWIND TO BOT 



NO 



YES 



RESET FAST 
REVERSE 



(A) 1 38467 (1 /2) 




Figure 5-13. Unload Sequence (Sheet 1 of 2) 
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9 




YES 



INITIATE 
UNLOAD WIND 



YES 



TAPE STOPS 



NO 



SLOW REWIND WITH TAKEUP 
MOTOR LIGHTLY BRAKED 




NO 



POWER OFF TO 
VAC MOTOR 




NO 



YES 



UNLOAD COM- 
PLETE. TO RE- 
COVER THREAD 
TAPE AND 
PRESS LOAD 



Figure 5-13. Unload Sequence (Sheet 2 of 2) 
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LOAD SEQUENCE 



MOUNT TAPE 



SET FWD 



PRESS LOAD 

sw. 



APPLY VAC 
MOTOR POWER 



note: if bot not found in 
1 1 seconds obviously past 
it, so set reverse search 
if bot found going foward , 
tape moves for another . 5 
seconds to move bot past 
detection point. 




NO 



STOP SUPPLY 
REEL DUMP 



+ 1 1 SEC. 



APPLY REEL 
AND CAPSTAN 
MOTOR POWER 




SET FWD 
SEARCH 



NO 



VAC BUILD 
UP TIME 




YES 



YES 



SUPPLY REEL 
SLOW DUMP 
STARTED 



YES 



RESET FWD 
SEARCH SET 
REV SRCH 




NO 




YES 



SET REV 
SEARCH 



(A) 138468 (1/2) 



V 



Figure 5-14. Load Sequence (Sheet 1 of 2) 
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SEARCH 
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TAPE STOPS ON BOT GOING 
IN REVERSE 




YES 



SET READY 
TRUE 



TRANSPORT IS READY FOR 
REMOTE OPERATIONAL CONTROL 



(A) 138468 (2/2) 



Figure 5-14. Load Sequence (Sheet 2 of 2) 
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SUPPLY REEL 
MOTOR 



CARD CAGE 
ASSEMBLY 



CARD CAGE 

HOLDING 

SCREW 



K2 RELAY 

(FAST 

REVERSE) 



K1 RELAY 

(UNLOAD 

WIND) 



SERIES PASS TRANSISTORS 

VOLTAGE REGULATORS AC LINE FUSE, FT 



SERVO 

AMPLIFIER 

ASSY 



TAKE UP 

REEL 

MOTOR 




POWER 

SUPPLY 

ASSEMBLY 



Kl RELAY 

(VACUUM 

RELAY) 

(BEHIND 

FUSE 

HOLDER 

ASSEMBLY) 



VACUUM 
PUMP 



CAPSTAN 
DRIVER AND 
TACHOMETER 



(A) 138249 (979-876-6-4) 



Figure 5-15. Location of Regulators 



5-48 



Digital Systems Division 




949613-9701 



NOTE 

Slots J4 and J5, brown and red colored dots respectively, are used for 
I/O cables and, when necessary, the 979 A Field Tester. (The field 
tester slides into slot J4, when used.) 

3. Slide the card into the card cage slot and press it firmly into the connector by applying 
equal pressure to the card ejectors. Be sure card is correctly and securely seated. 

4. Restore power to tape transport. 

5.8.2 SUPPLY REEL MOTOR (SUP), REMOVAL AND REPLACEMENT. The supply reel 
motor is the top left motor unit when transport is viewed from rear. To remove the supply reel motor 
unit, proceed as follows: 

1. Set transport ac power to OFF. 

2. Remove tape supply reel from the quick release hub, see figure 5-16. 

NOTE 

On the flange at the rear of the hub is a notch scribed on the flange 
edge. This notch indicates the location of an alien head set screw 
underneath black rubber compression ring. 

3. Position the hub so that the notch marking the set screw hole is in the three o'clock 
position. 

4. Lift rubber ring and remove from hub. 

5. Loosen set screw. 

6. Rotate hub so that the set screw hole is at the six o'clock position and tap hub to remove 
the brass locking pin (items 9 and 8 in figure 5-16). 

7. Remove card cage holding screw, see figure 5-16, and swing card cage outward. 

8. Disconnect motor wires from motor terminal board pins 1 (red wire) and 2 (black wire). 

9. With another person supporting the motor, remove the four socket head screws holding 
the motor to transport face plate assembly. 

10. Remove motor from chassis. 

To install supply reel motor, proceed as follows: 

NOTE 

Return any shims that were originally used to mount the motor on 
hub, to their original positions. 

1 1. With one person holding the motor from the rear, tighten the four socket head screws to 
hold the motor to the face plate assembly. 



5_49 Digital Systems Division 






949613-9701 




© 



\ 



© 



NOTCH 



(A)135272 (216369) 




.fT) 



NOTE! 1 . NOTCH IN HUB INDICATES LOCATION OF ACCESS HOLE 
FOR SET SCREW 



Figure 5-16. Quick Release Hub 



12. Connect motor terminal lugs to motor terminal board on bottom rear of assembly. 
Connect red wire to terminal 1 (SUP RED) and black wire to terminal 2 (SUP BK). 

13. Refer to figure 5-14 and install the reel mounting hub (item 1) to the plate on the motor 
shaft using three socket head screws. 

14. Slip rubber compression ring (item 2) over the hub. 

15. Lift latch handle (item 4) and screw on compression hub (item 3) to a point close to, but 
not touching, the rubber compression ring. 

16. Drop brass locking plug (item 8) into the set screw hole. 

17. Insert set screw into hole and tighten. 

18. Rotate housing (item 3) one quarter turn in each direction. 
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NOTE 

This cuts threads into the brass locking plug to ensure good material 
contact. 

19. Loosen set screw one full turn. 

20. With latching handle (item 4) in open position, tighten housing (item 3) until it is snug 
against the rubber compression ring (item 2), but not compressing the ring. 

2! . Close and open the latching handle a few times and allow the rubber ring to relax for a few 
seconds when handle is open. 

22. Again tighten housing until it touches the ring but does not cause the ring to compress. 

23. Check operation by installing an empty reel on the hub and alternately open and close the 
latching handle while checking reel slippage. 

24. If reel slips on the hub when latching handle is closed, tighten compression housing and 
recheck. 

25. If reel binds on hub when latching handle is open, loosen compression housing and 
recheck. 

26. Firmly tighten set screw and apply a few drops of lock tight sealant to the set screw hole. 
Force the sealant into the set screw hole by using the alien wrench. 

27. Load tape and run tape forward and reverse to verify tape is stacking properly on the reel 
(i.e., uniformly in the middle of the reel). If the tape does not stack properly on the reel, 
additional shimming must be done to properly align the reel with the tape path. 

5.83 TAKE-UP REEL MOTOR (T/U), REMOVAL AND REPLACEMENT. The take-up reel 
motor is the lower left motor unit when viewed from the rear. To remove the take-up reel motor 
proceed as follows: 

1. Remove reel from take-up reel hub by unscrewing the compression ring knob. 

2. Completely remove the compression ring knob and compression hub. 

3. Remove three alien head screws holding the reel mounting hub to plate on motor shaft. 

4. Disconnect motor lugs from terminal board pin 5 (T/U RED) and pin 6 (T/U BK). 

5. With another person supporting the motor at the rear, remove the four alien head screws 
holding the motor to the faceplate assembly. 

6. Remove motor from chassis. 

To install take-up reel motor, proceed as follows: 

NOTE 

Return any shims that were originally used to mount the motor on 
hub to their original positions. 
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7. With one person supporting the motor from the rear, tighten the alien head screws holding 
the motor to the faceplate assembly. 

8. Connect motor wire lugs to motor terminal board pin 5 (T/ U RED) and pin 6 (T/ U BLK). 

9. Install the reel mounting hub to the plate on motor shaft with three alien head screws. 

10. Slip compression ring over mounting hub and install the compression hub and knob. 

11. Load tape and run tape forward and reverse to verify tape is stacking properly on the reel 
(i.e., uniformly in the middle of the reel). If the tape does not stack properly, additional 
shimming must be done to properly align the reel with the tape path. 

5.8.4 CAPSTAN MOTOR AND TACHOMETER, REMOVAL AND REPLACEMENT. To 

remove the capstan motor and tachometer, proceed as follows: 

NOTE 

When disconnecting leads from capstan motor/ tachometer, be 
careful to loosen only the terminal screws and slide the spade lugs out 
from under the screws. Do not loosen the terminal posts. 

1. Disconnect wires from mntnr anH tQr>hr»m*»t»r /fonr\ UoU o r.«*o ~f *u*> «,,;^o ~~i~.. n ^. 
and the terminals to which they attach. 

2. Loosen the four screws holding the clamp washers to the collar of the capstan assembly. 

3. Pivot the clamp washers so they clear the collar of the assembly and remove the 
motor/ tachometer assembly from the front plate. 

To install capstan motor/ tachometer assembly proceed as follows: 

NOTE 

Return any shims that were originally used to mount the motor to 
their original positions. 

4. Insert the motor shaft through the front plate housing. 

5. Position the split clamp washers over the collar of the assembly so that the 
motor/ tachometer is held in place, then tighten screws. 

6. Connect wires to motor and tachometer; be sure color code of wires and appropriate 
terminal match as recorded in step 1, above. (Generally, on each unit of the capstan 
assembly, the black/ white wire of a pair goes to the right terminal (as viewed from rear) 
and the red/ white wire from the same pair attaches to the left terminal. 

NOTE 

When placing tape transport in operation for the first time after the 
capstan motor/tachometer has been replaced, check tracking on 
capstan. If tape wanders on capstan pully, shimming may be 
necessary. Refer to TI document SI948211 for procedures. 
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5.8.5 VACUUM MOTOR AND PUMP, REMOVAL AND REPLACEMENT. To remove the 
motor and pump assembly, proceed as follows: 

1. Be sure ac power is OFF and disconnected from source. 

2. Disconnect blower motor wires from AC POWER terminal block (upper right rear; white 
and black wires). 

3. Remove green chassis ground wire from chassis next to terminal block. 

4. Remove wire clamp holding blower wire to nght side Oi chassis. 

5. Remove card cage retaining screw and swing card cage out. 

6. Remove four hex head screws holding motor bracket to side of card cage support. 

7. Remove two screws holding blower housing to two brackets on right side of motor. 

8. Cut tie wrap and remove blower motor and housing. 
To replace blower motor and housing, proceed as follows: 

9. Slip motor housing onto vacuum column seal. 

10. Attach blower housing to brackets on right side with screws; do not tighten screws. 

1 1 . Insert four hex head screws through card cage into bracket on blower motor and housing. 

12. Firmly seat blower and motor housing into vacuum column seal on front panel and 
tighten the four hex head screws into motor and housing bracket. 

13. Tighten screws through the two braces on right side of motor. 

14. Connect motor wires to AC POWER terminal board: black wire to terminal 4, PUMP 
BLK; white wire to pin 1, COMMON; green wire with ring lug to chassis. 

15. Swing card cage closed and fasten with retaining screw. 

16. Dress blower power cable to upper right housing bracket. 

5.8.6 READ/WRITE/ERASE HEAD ASSEMBLY, REMOVAL AND REPLACEMENT. 

Read/ write and erase heads, tape cleaner, crosstalk shield, BOT EOT mount clamp and tape guide 
assemblies comprise the head assembly. The following procedures outline removal and replacement 
of the complete unit. 

1. Following the procedures outlined in paragraph 5.8.5, remove vacuum motor and blower 
housing. 

2. Remove vacuum column cover. 

3. Disconnect read connector P2/J16 and write/erase connector P1/J15 at card cage 
assembly. 
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4. On head plate assembly, remove vacuum tubing from tape cleaner. 

5. Remove clamp screw holding BOT/EOT detectors to head assembly and remove 
detectors. Do not remove any wires from detectors, unless detector(s) is defective. 

6. Remove four screws holding head assembly plate to front panel. Take care not to lose the 
insulating strips, tubing, and washer. 

7. Pass read and write/ erase head connectors through hole in front panel and remove head 
assembly and connectors from transport. 

To replace head plate assembly, proceed as follows: 

8. Pass read and write/erase connectors through hole in face plate and connect P2 with J 16 
(read), and PI with J 15 (write/ erase). 

9. Mount head assembly plate onto front panel with the four screws and insulating hardware 
removed previously. 

10. If BOT/EOT detectors wiring has been disconnected, make appropriate connections 
before proceeding. 

11. Mount BOT/EOT detectors on head plate assembly. 

12. Re-install vacuum motor and chamber per paragraph 2.6.5. 

13. Install vacuum tubing between tape cleaner and vacuum chamber. 

14. Perform procedures outlined in tables 5-14, 5-15, and 5-16 and adjust if necessary. 

5.8.7 TAPE COLUMN LIGHT SOURCES/DETECTORS, REMOVAL AND 
REPLACEMENT. When facing front of transport light sources and printed circuit strip is on left 
side of column under cover; detectors and printed circuit strip are on left. 

1. Remove vacuum column cover. 

2. Before removing either printed circuit strip and attached light sources or detectors, make a 
note of wire color code and connection terminals. 

3. After recording wire color code and terminal, unsolder wires from terminals. 

4. Remove six screws, lockwashers and flatwashers holding strip(s) to side(s) of vacuum 
column. 

To replace source/ detector strips, reverse above procedure. Check first to see that the tape between 
printed circuit strip and column rails is good, replace if necessary. Restore power to tape transport, 
load a scratch tape and check operation. 
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APPENDIX A 
SIGNAL MNEMONICS 



Mnemonic 
BOT 


Source 

Jl-E 

Jl-27 

J3(Q17-C) 
(Assy. 216548) 


Signal Name 

Beginning of Tape 

(Not) 

BOT Status Out 

Beginning of Tape 
Pulse 


Definition 

BOT marker is not under photo 
detector circuit. 


BOTP 


The BOTP pulse rises to a ONE 
level for approximately 1/3 
second when triggered by the 
following. 

a. BOT going from a ONE to 
a ZERO. 



BUSY 



CGT 



DRBR 



EOT 



EOT STAT 



EH 



FP 



FPS 



J3(Z8-8) 
(Assy. 216548) 



J3-11 



Jl-T 



J 1-38 



J6-39, u 
J640, v 

J13-11 



J6-35 



Busy (Not) 



All Read Channels Character Gage 

Trigger 



Driven Reel Breaking 
(Not) 



End-of-Tape 



EOT Status Out 



Erase Head Low 
Erase Head High 

File Protect 



File Protect Status 



b. SUD going from ZERO to 
ONE. 

c. FWDS timer. 

A zero level when transport is in 
REW. UNL. LOAD, or REM. 

The CGT line is connected to all 
read channels. The signal on this 
line contains a pulse when a 
ONE is detected on tape. 

This signal is a ONE and driven 
reel breaking is disabled when 
the transport is in a load or 
fast reverse sequence. 

A zero level when end-of-tape 
marker has been detected. 

Signal returned to CPU signify- 
ing end-of-tape has been detec- 
ted 

Differential voltage applied to 
erase head. 

The FP signal is at a ground level 
when a write enable ring is 
installed on the file reel. 

Returned to controller specify- 
ing presence or an absence of 
file protect ring. 
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APPENDIX A SIGNAL MNEMONICS (Continued) 


Mnemonic 




Source 


Signal Name 


Definition 


FREV 




J3-26 


Fast Reverse 


Controls high speed portion of 
rewind and unload sequences. 


FREV 




J3-25 


Fast Reverse (Not) 


Inverted FREV signal. 


FREV Relay 




Jl-36 


FREV Relay 


Signal to energize fast reverse 
relay 


FWD 




J3-18 


Forward (Not) 


Commands capstan to move tape 



FWDS 



IN LIMIT 
LLOD 

LOAD 

LREW 
LUNL 
PRESET 



(+) READ 
(-) READ 



J3(Z5-8) 
(Assy. 216548) 



READ Clock Out 



+ R BUS READ 
- R BUS READ 



J6-D 



Forward Search (Not) 



io/7n i "^ 

(Assy. 216548) 


i_ T : :j. 

ill l_,llllll 


J3(Z8-6) 
(Assy. 216548) 


In Limit (Not) 


Switch S3 Output 


Local Load 


J3(Z7-3) 
(Assy. 216548) 


Load 


Switch S2 Output 


Local Rewind 


Switch S2 Output 


Local Unload 


J6-36 


Preset (Not) 



J6-42,x 
J641,w 



Read Clock Out 



forward when low level is 
present. 

An internally controlled signal 
that drives tape forward to the 
BOT marker when at a zero 
level. This signal is used in the 
load and rewind sequences. 

Tape loops are within operating 
limits and the transport has 
vacuum. 

Inverted LIMIT signal. 

Front panel switch output that 
sets load flip-flop. 

Load flip-flop output that is set 
when the transport is in the 
LOAD sequence. 

Front panel switch output that 
sets the rewind flip-flop. 

Front panel switch output that 
sets the unload flip-flop. 

The PRESET signal is a zero 
level momentarily after power is 
applied to reset all of the write 
data register. 

Threshold control switch out- 
puts to set the bias on the read 
head threshold detectors. 

Clock signal returned to CPU. 
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APPENDIX A SIGNAL MNEMONICS (Continued) 



Mnemonic 


Source 
J6-9K 
J7.8.9, 10 

J6-34 


Signal Name 


READ DATA 


Read Data 


READ DATA 
READ STA 


Read Data 
Read STA 



READY 



READY STATUS 



REMOTE 



RESET 



REV 



REVS 



REW 



REWIND BIAS 



RTC 



S4L 



J3-F 



J3-8 



J3-35 



Switch S3 Output 



J3-2 



J3(Z5-12) 
(Assy. 216548) 



J3(Z12-8) 
(Assy. 216548) 



K2-7 



J6-29 



J2-15 



Ready (Not) 



Ready Status 



Remote 



Reset 



Reverse 



Reverse search 



Rewind 



Rewind Bias 



Read Transfer Clock 



Sensor Number 4 
Illuminated (Not) 



Definition 

Signals from read head, track 1. 

Signals from read head, tracks 2 
through 9. 

Signal returned to CPU signify- 
ing transport is in the read 
mode. 

The transport is on the remote 
mode and not rewinding when 
READY is a zero. 

Signal returned to CPU signify- 
ing state of ready. 

The remote flip-flop is set. The 
REMOTE signal is required for 
remote operation. 

Manual reset controlled by front 
panel switch. 

Commands capstan to move tape 
in the reverse direction. 

An internally controlled signal 
that drives tape in a reverse 
direction to the BOT marker. 
This signal is used in the LOAD 
and REWIND sequences. 

The rewind flip-flop output that 
is set when the transport is re- 
winding. 

This signal is +12 volts when the 
transport is rewinding and -12 
volts when not rewinding. 

The RTC pulse is applied to all 
read channels. The signal trans- 
fers data from the read skew 
latches to the output registers. 

This signal is a logic ONE when 
the center column sensor (Q4) 
is not illuminated. 
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APPENDIX A SIGNAL MNEMONICS (Continued 



Mnemonic 


Source 


Signal Name 


Definition 


SELECT 


J3-15 


Select 


The inverted SELECT 1 signal 




Jl-R 




(interface line). 


SEL.RDY 


Inverted SEL.RDY signal. 


SEL.RDY 


J6-30 




The transport is selected and 
ready. 


SELECT LAMP 


Jl-u 


Select Lamp 


Signal to front panel, SELECT 
indicator. 



SUD 



SUL.VAC 



TUL.VAC 



ULWIND 



J3-29 



J2-8 



J2-38 



J3-19 



Supply Reel Dump 
(Not) 



Supply Reel In Limits 
and Vacuum (Not) 



Takeup Reel in Limits 
and Vacuum (Not) 



Unload Wind 



The supply reel vacuum bias is 
overcome to load tape into the 
supply column. 

This signal is a logic zero level 
when the tape loop in the supply 
column is in limits and the trans- 
port has vacuum. 

This signal is a logic zero level 
when the tape loop in the take- 
up column is in limits and the 
transport has vacuum. 

Relay driver input that activates 
unload relay. 
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APPENDIX B 

SOFTWARE DOCUMENTATION FOR MOTION CONTROL 
LOGIC ASSEMBLY NUMBER 937027 



B.l INTRODUCTION 

This document provides a description of the micro-code for the 979A LOGIC BOARD (937027- 
0001). This board utilizes an 8080 microprocessor to provide control functions for a 979 A Tape 
Transport in place of hard-wired logic. The micro-code program is stored in read only memory 
(ROM). The functional behavior of the 979A Logic Board is defined in the 979 A Logic Board 
Specification (937031-9901). The micro-code is written in 8080 assembly language. The TI 
"TMS8080A Microprocessor" manual or Intel "8080 Microcomputer Systems User's Manual" 
provides a definition of the 8080 instruction set. See the Model 979 Tape Transport Maintenance 
Manual, part number 216318-9701, for a description of the physical configuration of the transport. 
The basic physical configuration of the 979A is similar to the 979 transport. 

B.2 PROGRAM ORGANIZATION 

B.2.1 8080 INTERFACE DEFINITION. The programming interface to the 8080 consists of a 5 1 2 X 
8 ROM, two input ports and two output ports. The addresses recognized by each device are shown 
below: 



}. ROM 

(ENABLED BY MEMR— ) 

2. INPUT PORT 1 
(ENABLED BY I/OR— ) 

3. INPUT PORT 2 
(ENABLED BY I/OR— ) 

4. OUTPUT PORT 1 
(ENABLED BY I/OW— ) 

5. OUTPUT PORT 2 
(ENABLED BY I/OW—) 



15 ADDRESS 

XXXXXXXAAAAAAAAA 



XXXXXX01 



XXXXXX10 



XXXXXX01 



XXXXXX10 



X = don't care 
A = address 

The I/O ports can be addressed by executing an input or output instruction while the ROM is 
addressed for memory read instructions and instruction fetches. Note that only the nine least 
significant address bits are used to address the ROM and two least significant bits are used to address 
the I/O ports. The 8080 provides a 16 bit address for memory and an 8 bit address for I/O ports. The 
I/O bit definitions are as follows: 
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INPUT PORT 1 

DBO TUL 



DBI 



SUL— 



DB2 



S4L 



DB3 



DB4 



DB5 



DB6 



DB7 



BOT- 



RESET 



LLOD 



LUNL 



LREW 



= Tape is covering vacuum column sensor Q7 

(Tape is in limits) and vac (output) is true. 

1 = Vacuum column sensor is light (Tape is not 

in limits) or vac (output) is false. 

= Tape is covering vacuum column sensor Q I 

(Tape is in limits) and vac (output) is true. 

1 = Vacuum column sensor QI is light (Tape is 

not in limits) or vac (output) is false. 

= Vacuum column sensor Q4 is light (Tape in 

limits). 

1 = Vacuum column sensor Q4 is dark (Tape 

not in limits). 

= BOT mark is under detector, 

j = BOT mark is not under detector. 

= No manual Reset. 

1 = Manual Reset switch is pressed. 

= No local Load. 

1 = Manual Load switch is pressed. 

= No local Unload. 

1 = Manual Unload switch is pressed. 

= No local Rewind. 

1 = Manual Rewind switch is pressed. 



INPUT PORT 2 



DBI 



DB2 



RREW 



RUNL 



DBO Unassigned 

= No remote Rewind command received. 

1 = Remote Rewind command received. 

= No remote Unload command received. 

1 = Remote Unload command received. 
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DB3 
DB4 
DB5 
DB6 



Unassigned 
Unassigned 
Unassigned 
UNLT 



= Supply reel not turning (valid only during 
Unload/ Wind). 



1 = Supply reel turning (valid only during 
Unload/ Wind). 

DB7 Unassigned 

♦These are set by a pulse from the controller and must be reset by Input Reset — 

OUTPUT PORT 01 

DBO REW STATUS = Indicates not in Rewind mode 

1 = Indicates in Rewind mode 

DBi SUD = Supply reel dump bias off 

1 = Supply reel dump bias on 

DB2 VAC = Inhibits reel servo control and TUL and 

SUL inputs 

1 = Enables reel servo control and TUL and 
SUL inputs 



DB3 


VAC RELAY 





= 


Vacuum motor OFF 






1 


= 


Vacuum motor ON 


DB4 


RDY 





= 


Transport not Ready 






1 


= 


Transport Ready 


DB5 


Unassigned 








DB6 


Unassigned 








DB7 


INPUT RESET— 





— 


Reset active to input c 



RUNL and FAULT light on. 

Reset not active to input circuit for RREW 
and RUNL. Input enabled to sense new 
RREW or RUNL pulse. FAULT light off. 
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OUTPUT PORT 02 



DBO 



DB1 



DB2 



DB3 



ULWIND 



FREV 



FWD 



REV 



= Unload/ Wind OFF 

1 = Unload/ Wind ON 

= Rewind not active 

1 = Fast Reverse tape motion activated 

= Forward tape motion not activated 

1 = Forward tape motion activated 

= Reverse tape motion not activated 

1 = Reverse tape motion activated 



DB4 


Unassigned 


DB5 


Unassigned 


DB6 


Unassigned 


DB7 


Unassigned 



B.2.2 I/O PROGRAMMING. Input signals, except remote rewind (RREW) and remote unload 
(RUNL), may require debouncing for switch contacts or de-glitching. This is performed by requiring 
an input to be at the same state for a number of samples before the signal is recognized to be at that 
state. 

The remote unload (RUNL) and rewind (RREW) inputs have special hardware to de-glitch the 
signal and therefore may be considered valid whenever sampled. These signals are latched when they 
are true and must be reset by the software by writing a on the INPUTRESET output bit. Since the 
INPUTRESET output is also used to light the fault indicator, input reset must normally be set to a 1 
and then toggled to reset the RUNL and RREW input hardware prior to sampling for these inputs. 

Since the output ports are parallel rather than bit oriented, the state of all unchanged output bits 
must be addition to the desired bit(s) to be changed. Thus the state of all output bits must be known 
by the location in the program. 

B.23 SUBROUTINES. Since the 979A Logic Board has no RAM, conventional 8080 subroutines 
cannot be used. By using internal registers in the 8080 one level of subroutines can be obtained. The 
calling sequence loads the subroutine return address in the HL registers and then an absolute branch 
to the subroutine is executed. To return from the subroutine, the return address is loaded into the PC 
from the HL register. 
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RTN 



MAIN PROGRAM 



LXI RTN 



JMP SUB 



■*. SUB 



SUBROUTINE 



PCHL 



B.2.4 FLAGS. One flag is used to indicate remote mode. The remote flag is located in Register D. 
Register D = FF indicates transport is in the remote mode. Register D = 00 indicates transport is in 
the local mode. 

B.3 PROGRAM DETAILS 

BJ.l SELF TEST. The self test program is executed following a power up reset. The fault light is 
turned on by the power reset and is turned off (by setting input reset to 1 ) when the self test is 
successfully completed. The self test program consists of performing an exclusive OR of all ROM 
memory data. Special check sum characters are inserted at memory locations 1 FC and 01 FD. These 
check sum characters, in conjunction with the OF and F0 characters at memory locations 01 FE and 
01 FF, make the expected check sum of all memory to equal FF. If the check sum does not equal FF, 
the program loops on the self test without turning off the fault light. Therefore, the fault light 
remains on for an error condition. If the check sum is equal to FF, the fault light is turned off and the 
main program begins execution. 

B.3.2 LOAD SEQUENCE. The load sequence performs the control and timing functions to wait for 
the load switch to be depressed, turn on the vacuum motor, wait for the vacuum motor to be up to 
speed, load the tape into the vacuum column and wait for the beginning of tape(BOT) marker to be 
detected. The load sequence is completed by executing code in the Rewind section. 

One unique coding technique in this section is the use of the stack pointer register (SP) to store a 
delay count. This is required since the input subroutine uses all other available registers. 

B33 REMOTE IDLE. While in the remote mode the transport can respond to forward and reverse 
commands via the hardware or rewind or unload commands which are controlled by the software 
sequencing. The remote idle loop polls RRUN and RREW inputs and branches to the proper code 
when one of these inputs is received. 

The remote idle loop calls the Input Port 1 subroutine to allow for checking of in limits and reset. 
Data from this subroutine are not used in the remote idle loop. 
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B.3.4 LOCAL IDLE. In the local mode the controller is sampling front panel switches on the 
transport for rewind, unload, or load. Rewind and unload inputs produce a branch to the proper 
control sequence. The load input will place the transport in the remote mode. 

B.3.5 REWIND. The rewind code controls the rewind sequence of high speed rewind and then 
searches for BOT. 

B.3.6 UNLOAD. The unload sequence consists of rewinding the tape to BOT, turning off vacuum, 
and winding tape onto the supply reel. When this operation is complete the transport is ready to 
perform the load sequence again. 

B.3.7 PORT 1 INPUT SUBROUTINE. This subroutine performs several input functions that are 
frequently used in the program. 

B.3.7.1 Delay. Port 1 Input Subroutine allows selection of two sample periods over which the data 
must be constant in order to be recognized. These delays are selected by the entry point into the 
subroutine. 

Entry at INI A requires inputs to be the same for two successive samples spaced 28 /is apart; entry at 
IN IB requires inputs to be the same for two successive samples spaced about 3.5 ms. 

B.3.7 .2 In Limits. Port 1 Input Subroutine tests S4L, TUL, and SUL input bits to verify that the 
tape is in the proper region of the transport vacuum column. If the tape is not in the proper region 
the transport is shut down by branching back to the load sequence which resets ail outputs. 

B.3.7 .3 Reset. The reset input bit is tested to determine whether the reset switch has been pressed. If 
the reset input is 1, the program branches to the local idle loop. 

B.3.7 .4 Load. The load input bit is tested to determine whether the load switch has been pressed. If 
the load (LLOD) input is 1, the remote flag is set. 

B.3.7 .5 BOT. The BOT Input bit is placed into the zero condition code flag for use in calling 
program. 

B.3.7 .6 Returned Data. Input data from port 1 is returned in the A and B registers and the zero 
condition code flag contains the BOT input. 

B.4 NOTES 

B.4.1 UNUSED ROM LOCATIONS. All unused ROM locations are filled with RSTO instructions 
to force a proper restart in the event the PC get into an illegal region of memory. As discussed in the 
self test description, the last 4 locations of ROM must contain check sum information. Therefore the 
number of RST instructions added must make the program exactly 512 bytes long. 

B.4.2 INPUT SAMPLE TIMES. As noted in the Input Port 1 Subroutine two delay counts are 
available. Whenever switches are being sampled the long delay count may be used. The short delay 
must be used when BOT is being tested since the long delay may prevent BOT detection in some 
cases (i.e., fast rewind). 

B.4.3 TESTING OF HL REGISTER COUNTS. In some cases the register pair HL is used as a 
delay connector with the H register (most significant byte) being tested for zero. Therefore the HL 
register is decremented to OOFF and not 0000. This difference must be considered in setting up delay 
counts, (i.e., a delay count of OOFF will not give any delay). 



B-6 Digital Systems Division 




949613-9701 



B.4.4 ASSEMBLY, The source deck 941665-1201 for the 979 A Logic Board is first assembled on the 
8080/960 cross assembler (942855). The object from the cross assembler is used as input to the 960 
check sum generator program (CKSUM 941663-1201 ) which generates a new object deck which has 
the check sums inserted in the proper locations. The new object deck is used as input to the 980 
High/Low deck generator program ( LTH I LO 94 1664- 1201) which generates a High/ Low deck to be 
used in programming the 745472 PROM. 

B.5 ASSEMBLY LISTING 

The following is an assembly listing of AL, 979LOG, 979 A Logic Board S/W - 960/8080. 



INPUT PORT 01 



LREW 


LJUNL 


LLOD 


RESET 


BOT 


S4L 


SUL 


TUL 



DB7 



OB6 



OB5 



DB4 



DB3 



DB2 



OB1 



OBO 



INPUT PORT 02 





UNLT 








RUNL 


RREW 





DB7 



DBO 



OUTPUT PORT 01 



INPUT 
RESET 






RDY 


VAC 
RLY 


VAC 


SUD 


REW 
STATUS 



DB7 



DBO 



OUTPUT PORT 02 











REV 


FWD 


FREV 


ULWIND 



DB7 



DB6 



DB5 



OB4 



OB 3 



DB2 



OBI 



OBO 
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DOCUMENT NUMBER 
941665-9901 



REVISION 



JSSNJC**009C 

979A LOGIC BCURO SOFTWARE 941663-99A1 
AUTHOR* RICHARO BAKER 

REVISION* 8/1/77 ORIGINAL RELEASE AT •* 

1/29/70 CHANGE ONE 8Y RICHARD BAKER *• 

ASSEMBLER" 960/3080 CROSS ASSEMBLER (942859) 

ABSTRACT* THIS PROGRAM GENERATES ROM RESlOENT COOE FOR 
MICROPROGRAMMING THE 8080 MICROPROCESSOR ON THE 
979A LOGIC BOARO (937027*0001} TO PERFORM CONTROL 
FUNCTIONS FOR THE 979A TAPE TRANSPORT, 



»•*** 979 LOGIC BOARO 



979L0G EQU 

DELAY* cwu 
OELAYB EQU 
SOTCNT EQU 
OllCNT EQU 
011SEC EQU 
038EC EQU 
O10SEC EQU 
COUNT EQU 
OHALFS EQU 
UQNES EQU 
OTHREE ECU 
03CNT EQU 



S 

P2W 

0FFH 
0170H 

0BH 
5900H 
0A0P0H 
8B00H 
0FFH 
67C0H 
8C80H 
0CE00H 
03H 



TITLE TO APPEAR ON HILO DECK 



BOT COUNT 

U SEC OUTER COUNT 

1 SECONO OELAT (2 8) 

3 SECOND DELAY (2 B) 

10SECONO OELAY (2 8) 

CHECK FOR INPUT COUNT 

HALF SECONO DELAY (2 8) (19C,/LP) 

ONE SECONO DELAY (2 8) (28CK/LP) 

1 SECONO INNER OELAY (38) (19CK/LP) 

THREE SECOND CUTER DELAY COUNT 



(46 CK/LP) 
(73CK/L0OP) 
(4 MS/LOOP) 
(IB) 



•*«•••*•*«««***••«**••••**••**«*••* 



SELF TEST 



fault test is execu1 
the fault light is ql 
this test and turneo 



ITED FOLLOWING POKER UP RESET 
IN (TURNEO ON 8Y POWER RESET) DURING 
OFF BY INPUTRE3ET THROUGHOUT THE 
HEMAINCER OF THE PROGRAM, 



ERROR 



TLCOP 



ORG 
XRA 
MOV 
MOV 
MOV 
MOV 
XRA 
MOV 
INX 



JN2 

INR 



00H 

A 

H,A 

L»A 

8, A 

A,B 

M 

BfA 

H 



MOV A,H 
CPI 02M 



TLOOP 
8 



CLEAR A 

START SELF TEST AT LOCATION 0000 

CLEAR CHECK SUM ACCUMULATOR 

GET PREVIOUS CHECK SUM 

GENERATE CHECK SUM 

SAVE CHECK SUM IN B 

INCREMENT TEST A00RES3 

CHECK MS BYTE OF AO0RE33 FOR TEST COMPLETE 

(TEST ROM THRU IFF) 
CONTINUE TE8T LOOP UNTIL COMPLETE 
CHECK FOR EXPECTED CHECK SUM 
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DOCUMENT NUMBER REVISION 
941665-9901 ** 



JNZ ERROR 



VALUE (EXPECTEDiFPf FP*1*08J 
LOOP ON CHECK SUM ERROR 



START UOAO SEQUENCE ****** 



••«**•«**••**•**••***•*•••«•*• 

START MVI A, 88H RESET OUTPUT PORT 81 

OUT 01H OUTPUT INPUTRESET 

XRA A CLEAR A 

OUT 32M RESET OUTPUT PORT 82 

* 

****** TEST LOCAL LOAO *••*♦*• 



LOAD 



MVI 
IN 

*n: 

JZ 

OCR 
JNZ 



E#COUNT 

aiH 

20H 

START 

E 

LOAO 



LOAO COUNT IN E 

SET INPUT 

LOOK AT LOCAL LOAO 

IP NO LOAO GO TO START 

DECREMENT COUNT 

CONTINUE IP LOAQ TRUE FOR COUNT 



SET REMOTE FLAG 
MVI 0,BFFH 



SET REMOTE FLAG 



« 
****** 



* 
*••••* 

DUCT 
0ELU3 



SULCT 
3UL 



* 
****** 

C0NT2 



TURN ON VACUUM MOTOR ••****•**•« 

MVI A,8BH SET VACRELAV 

OUT 81H OUTPUT VACRELAY*INPUTREBET 



OELAY 11 SECONOS 

MVI E,OUCNT 

LXI H»OUSEC 

IN 01H 

ANX IBM 

JNZ START 

OCX M 

AGO H 

JNZ 0EL11S 

IN 01H 

ANI 04H 

JNZ START 

OCR E 

JNZ OliCT 

VAC91 SU0«1 

MVI A # 8EH 

OUT 01H 

MVI E,COUHT LOAO COUNT 

IN 01H GET INPUT 

MOV 9, A SAVE INPUT IN 8 

ANI 14H LOOK AT RESET AfcO S4L« 

JNZ START ABORT ON RESET OR $4L* 

MOV A, 8 GET SAVED INPUT 

ANI 02H LOOK AT SUL* 

JNZ SULCT IF SUL«il LOAO COUNT AGAIN 

OCR E OECREMENT COUNT 

JNZ SUL WAIT FOR SUL-«9 FOR COUNT 



»****• 

LOAO OUTER CCUNT 

LOAO HL REG WITH 11 SEC DELAY 

GET INPUT 

LOOK AT RESET 

ABORT IF RESET TRUE 

OECREMENT REG PAIR HL 

ADO H (MS 9YTE) TO A REG{«093 

JMP IF DELAY NOT COMPLETE 

LOOK AT S4L* 

ABORT ON MIDDLE SENSOR COVERED 

DECREMENT GUTTER LOQR CCUNT 

LOOP IF OUTER DELAY NOT COMPLETE 



****** 

OUTPUT VAC*VACRELAY*SUD 
♦INPUTRESET 



SUO«0 



PMQ«1 *••••• 



MVI A,8CH 



OUTPUT VAC«VACP£LAY*INPUTRESET 
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DOCUMENT NUMBER REVISION 
941665-9901 ** 



OUT fltH 

MVI A,04M 
OUT 02H 



output rwoii 



TULCT 
TUL 



C0NT3 
L0FW03 

RTNi 



WAIT 

LXX 

MVI 

IN 

MOV 

ANI 

JNZ 

OCX 

AOO 

JZ 

MOV 
RAff 
JC 
OCR 
JNZ . 

WAIT 

LXI 

LXI 

JMP 
JZ. 

MOV 
MOV 
OAO 
OCX 
AOO 

3PHL 

JNZ 

JMP 



FOR TUL* 

H.D33EC 

g* COUNT 

81M 

8, A 

16N 

$TART 

H 

H 

START 

AfB 

TULCT 

e 

TUL 



FOR 80T» *♦♦ 

SP,Oi03EC 

H,RTNt 

ZN18 

REW8QT 

A 

H f A 

UrA 

3P 

H 

H 

LDFW03 
RCVS 



LOAO HL RCO WITH 3 SEC DELAY 
LOAO COUNT IN E 
BIT INPUT* 
SAVE INPUT XN 8 

LOOK AT RESET, SUL«|ANO SAL- 
ABORT ON RESET, SUL«i OR SAX- 
DECREMENT TIME OUT OELAY COUNT 
LOAO M 

TIME OUT TO START 
SET SAVED XNPUT 
ROTATE TUL* TO CARRY 
XP TUL»«t LOAO COUNT AGAIN 
DECREMENT COUNT 
WAIT POR TUL-fB POP COUNT 

*•• 

L0*0 3P RE6 WITH la SEG DELAY 

LOAO RETURN A0ORE3S 

60 TQ XNPUT SUBROUTINE 

60 TO RENBOT XP 8OT»«0 

C* EAR A 

CLEAR ML REG 

MOV 8P TO ml (SP*ML«ML3 
DECREMENT ML 

6ET MS BYTE OP DELAY COUNTER (Attn 
MOV ML TO SP 

00 A6AXN IP NO TTME OUT 
TIME OUT TO REVERSE SEARCH 



* 



DEMOTE "VI 
OUT 
MVI 

SEMLOP XRA 
OUT 
"VI 
OUT 



*TN2 



LXI 

JMP 

XN 

RAP 

»AR 

JC 

RAR 

JC 

JMP 



A,0CH 

aiM 
o,0FFh 

A 

B2H 
A,0CH 

BlH 

M,RTN2 
IN18 

02H 



REWIND 

UNLOAD 
REMLOP 



RESET INPUT fT06SL€ INPUTRESET.) 

OUTPUT VAC+VACRELAV 

SET BEMQTE FLAG 

CLEAR A 

OUTPUT 

RESET OUTPUTS CXNPUT RE3ET-«t) 

OUTPUT VAC*VACRELAY*INPUTRE8ET 

♦READY 
LOAO RETURN ADDRESS 
60 TO INPUT SUBROUTINE 
6ET INPUT 

ROTATE REMOTE REWlNO TO CARRY 
60 TO REWIND ON REWINO COMMANO 
ROTATE REMOTE UNLOAO TO CARRV 
60 TO UNLOAO ON UNLOAO COMMANO 
CONTINUE REMOTE IQLE LOOP 



••••*• LOCAL IDLE LOOP 
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DOCUMENT NUMBER- REVISION 
941665-9901 ** 



LOCAL MVI A«8CH RESET OUTPUT 83 

OUT 01K OUTPUT YAC*VACRELAY*INPUTRESET 

XRA A . CLEAR A 

CUT 92H RESET OUTPUT 2 

PQV 0,A CLEAR REMOTE PL AG 

LXI H,RTN4 LOAD RETURN AOORESS 

JMP IN1S GET INPUT 

RTN4 RAL ROTATE LOCAL REMIND TO CARRY 

JC REMIND 30 TO REWIND ON REMIND CwO 

RAL ROTATE LOCAL' UNLOAD TQ. CARRY 

JC UNLOAO 00. TO UNLOAO ON UNLOAD CMO 

RAL , ROTATE LOCAL LttAO TO CARRY 

JNC tOCAL STAY IN LOCAL LOOP IP NO LQAO CMO 

JMP REMOTE 60 TO REMOTE TOLE LOOP 

• 



»•*«*# REMIND *«••«• 



RENINO LXI H,RTN8 

JMP XNJ8 
RTN8 J2 EXITRN 



J2 

MVI 4,8QH 

OUT BiH 

MVI A f 02H 

OUT MM 



LOAO RETURN AOORESS 
GET -INPUT 

EXIT ON 90T DETECTED- (8OT««0) 
SET REWINO STATUS, RESET REAOY 
OUTPUT VAC*VACSELA¥*RJWIN0$7ATUS 

♦INPUTRISET 
SET PREV 
OUTPUT PREV 



RM80T1 

RTN8 

» 

♦*#••* 

RW80T2 

RTN7 
RWBQT3 



* 

olylp* 

RTNX 



WAIT POR 80T ««*♦«# 

LXI H,RTN8 LOAO RETURN AOORESS 
JMP INU GET INPUT 
JN2 RNBOTt WAIT POR 80T- 



WAIT POR SOT TO 

LXI M,RTN7 

JMP IN1B 

J2 RK80T2 

XRA A 

OUT 82H 

LXI SP,88H 



LXI H,RTNX 
JMP INiB 

A 

H«A 

L»A 

SP 

H 

L 



XRA 
MOV 
MOV 
OAO 
OCX 
AOO 
SPHL 
'JN2 



OLYLP 



MVI A, 8 AH 
OUT 82H 



PASS UNOER DETECTOR •«•••• 
LOAO RETURN A00RES8 
GET INPUT 

WAIT POR BOT* TO 60 AMAY 
OUTPUT FREV*f 
OUTPUT PREV 

LOAO DELAY COUNT INTO STACK 
REGISTER ( ,5 SECONDS) 
LOAO RETURN AOORESS 
TEST IN LIMITS (3UL#34L,TUL) 
CLEAR A 
CLEAR M AND L REGISTERS 

MOVE SP TO ML CSP*HLPHL) 
DECREMENT OELAY COUNT IN ,Hl 
•GET LS8 POR DELAY COUNT 
WOVE ML TO SP 
WAIT POR DELAY COUNTtfl 

OUTPUT PWOti, PREVIA 
OUTPUT PWO 



RH80T4 
RTN8 



FORWARD SEARCH POR BOT ••«**• 

LXI H,RTNS LOAO RETURN AOORESS 

JMP INIB GET INPUT 

JN2 RM80T4 WAIT POR BOT«*« 
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RfWBOT 
RMSOTS 

RTN9 



WAIT -POR BOT TO 

LXI 8P»B0TCNT 

LXI H,RTNO 

JMP IN1B 

J2 REMBOT 

XRA A 

MOV H,A 

MOV t,A 

DAO 8P 

OCX H 

AOO H 

3PHL 

JN2 RM80T9 



PASS UNOER DETECTOR •«««*• 

LOAO 8R WITH COUNT 
LOAO RETURN ADDRESS 
60 TO INPUT SUBROUTINE 
WAIT FOR 80T-«1 
CLEAR A 
CLEAR Hi. 

NQV 8P TO HI (HllHCtBP) 

DECREMENT Hf 

MOV M3 BYTE OP ML TO A ANO 8ET 

CONDITION CODE PLA68 
MOV HL BACK. TO SP 
CONTINUE IP' BOT GONE POP COUNT 



REVS 
RNS0T6 

RTN«ta 



START REVERSE SEARCH •**••• 

MVX A,08H * OUTPUT PWO«0|REVtl 

OUT 02H OUTPUT REV 

LXX H,RTNt8 LOAO RETURN ADDRESS 

JMP XNlA SET INPUT 

JNZ RM80T6 WAIT POR BOT.ta 



•*•«•* RETURN TO LOCAL/REMOTE IDLE LOOP ••**•• 
• (OUTPUTS RESET 3N ENTERlNS LOCAL/REMOTE IDLE LOOP) 

GET PLAGS (REG 0) 
ROTATE REMOTE FLAG TO CARRY 
60 TO LOCAL XP REMOTE FLAG NOT 

SET 
TOGGLE INPUTRESET(INPUTRESETsfl) 
OUTPUT VAC*VACREL*Y*REfclNCSTATU3 
GO TO REMOTE IP REMOTE FLAG SET 



EXITRH flOV 
RLC 
JNC 

* 

MVI 

OUT 
JMP 



A f D 

LOCAL 

A,80H 

01H 

REMLOP 



*«*•*« UNLOAD •**•#• 



UNLOAO 


MVI 


A.8CH 


RESET READY 




OUT 


0tH 


OUTPUT VACRLY*VAC*INPUTRESET 




XRA 


A 


CLEAR A 




OUT 


03H 






"GV 


0,A 


CLEAR REMOTE FLAG (REG 0) 




IN 


01H 


GET INPUT 




Aft I 


00H 


MASK LOOK AT BOTi 




JZ 


UNL01 


00 NOT 00 FAST REV FROM BCT 




MVI 


A,32H 


OUTPUT FREVfl 




OUT 


02H 




****•• 


WAIT 


FOR BOT #♦**•• 


UNL02 


LXI 


H,RTNH 


LOAO RETURN AOORESS 




JMP 


IN IB 


GET INPUT 


RTNH 


JNZ 


UNL02 


WAIT FOR BOT-ffl 




STOP 


FAST REWINO 


« 




XRA 


A 


CLEAR A 




OUT 


02H 


OUTPUT FREV»0 




LXI 


HfOHALFS 


LOAO HALF SEC DELAY COUNT 


UNLD9 


OCX 


H 


OECREMENT DELAY COUNT 




*RA 


A 


CLEAR A 




AOO 


H 


GET H (MS 8YTE (A»*0) 




JNZ 


UNL03 


CONTINUE ON HELAY COMPLETE 
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•*••*« UNLOAO NINO ****** 

UN101 MVI A,81H OUTPUT ULMXNOli 

OUT 02M OUTPUT ULNXNO 

UNi04 IN 8iH SIT INPUT 

•*NI 83H LOOK AT INLINTS (01,075- • 

n UNLD4 KAIT POP TAPE TO PULL OUT OP 

• COLUMN 

•«*•«* TURN OPP VACUUM •• 

*VI A,84N OUTPUT VAC REt*Y»8 

OUT a|if OUTPUT VAC*INPUTRESET 

LXX HJOONES LOAO QMS SBC DELAY COUNT 

UNLOS OCX H "OECREMENT OELAY COUNT 

XRA * CLE Aft A (A.EXCLUSJVE OP. A • 83 

ADD H BET N CMS BYTE) - • 

JNZ UNLOS CONTINUE IP DELAY COMPLETE 

UNLB* IN ilH oet INPUT 

AN I' 83H LOOK AT Ql r 87 

JZ UNL06 CONTINUE ON TAPE OUT QP COLUMN 

••••«« PESET VAC •«*•*«»« 

• MVI A,«8H . OUTPUT INPUTPESET, VACtS 

^OUT StN OUTPUT INPUTPESET 

'MVI E,D3CNT LOAD. OUTER COUNT 

03CT LXI H,tfTHPEE LOAO THREE SEC OELAV COUNT 

UNL07 OCX H OECREMENT OELAY COUNT 

XRA A CLEAR A 

*00 H 8ET H (MS BYTE OP OELAY COUNT J 

JNZ UNL07 If NQT ZERO CONTINUE INNER LOOP 

OCR E OECREMENT OUTER LOOP COUNT 

JNI 03CT IP NOT -ZERO CONTINUE LOOP 

• - 

*•*«•• WAIT POP TAPE' TO UNWIND PROM TAKEUP REEL *•***« 

UNLOS MVI ,E, COUNT LOAO COUNT 

UNLOS IN 02H GET- INPUT' 

ANI 48H LOOK AT UNLT 

4NZ UNLOS WA>IT POR UNLT TO, CO AHAY 

OCR S OECREMENT COUNT 

JNZ UNL09 LOOP UNTIL C0UNT«8 

JMP START 60 TO, START IP UNLT PALSE POP 

• COUNT 

«••••• PORT I INPUT SUBROUTINE •*•**• 

* 

• ' REGISTERS USEO ARE A,B,C,0,E 

INI A MVI E,OELAYA LOAO OELAVA 

JMP INPUT* 

INJ8 MVI E,0ELAY8 LOAO DELAYS 

INPUTf IN PLH SET INPUT 

INPUT2 MQV B,A SAVE INPUT IN 9 

MOV C,E ,. LOAO OELAY COUNT 
INPUT3 OCR C 

JNZ INPUTS 00- UNTIL C0UNT«8 

IN 01H SET INPUT 

CMP B COMPARE A TO 8 

JNZ INPUT2 CONTINUE IP EQUAL 

>NI 87N LOOK AT SUL.S4L.TUL - 

. JNZ START ABORT ON 0UT»CP«tlNlT3 
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MOV A, 8 

ANX l«H 
JNZ LOCAL 
MOV A, 8 
ANX 28H 
JZ XNRUT4 
MVX 0,8FRM 

XNPUT4 MOV A«8 
ANX 09H 
MOV A»B' 
RCHL 

• 

* 



LOOK AT RESET 

60 TO LOCAL ON .1BSET 

LOOK AT LOCAL LOAO 
SET REMOTE FLAG 
ON LOCAL LOAO 

SET ZERO PLAGt 80T- 

R8TURN FROM SUBROUTINE 
A ANO 8 f INRUT 
ZERO FLAG » BOT« 



* FILL UNUSED RON LOCATIONS KITH RST TO FORCE RRORER 

* RESTART IN THE EVENT THE RC SETS INTO XLLE6AL 

* RE6X0N OR MEMORY 

* 



RST 


8 


RST 


8 


RST 


8 


RST 





RST 





RST 


8 


RST 





RST 


8 


RST 





RST 





RST 





RST 





RST 





RST 





RST 





RST 





RST 


*« 


RST 





RST 





RST 


' 


RST 





RST 






• RESERVE CHECK SUM MEMORY LOCATIONS 

* 

IFCM 

80H COMRUTEO CKSUMS STQRfo AT THESE 

30H TWO LOCATIONS BY CKSUM 941663 

*FH LAST T*<0 BYTES OR "EMORY CHECK 

8R8H SUM MEMORY (P00fl«e tFFJ 

TO MAKE ACCUMULATED CKSUMfFR 



ORG 
CKSUMS DB 
DB 
08 
08 
• 

END 
3SJC0R** 
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APPENDIX C 
LOGIC ELEMENT DIAGRAMS 

CI The elements in the following list are arranged primarily in numerical order and secondarily 
in alphabetical order. 



LM 
LM 
LF 
LF 

SN72 

SN72 

LM 

SN72 

LM 

LM 

LM 

LM 

LM 

LM 

LM 

SN72 

SN72 



SN72 
SN72 



319 
339 
356 
357 
376 
558 N 
702 AJ 
709 
709 CJ 
709 CH 
709 CJ 
709 CN 
709 CN-8 
709 H 
709 J 
709 L 

709 p 
709 

710 L 
710 
710 
711 

733 



DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 
DM 



SN 
SN 
SN 
SN 
SN 
SN 
SN 
SN 
SN 
SN 



733 L 

930 J 

930 L 

936 J 

936 N 

944 J 

944 N 

946 J 

946 N 

962 J 

962 N 

4001 

4049 

7400 

74LS00 

7402 

74LS02 

74LS04 

7405 

7410 

74LS10 

74LS27 

74LS32 



SN 


7474 


SN 


74LS74A 


SN 


7476 


SN 


7483A 


SN 


7493A 


SN 


74LS93 


TMS 


8080 




8281 




9601 


SN2 


9601 


SN 


15858 


SN 


74LS109A 


SN 


74121 


SN 


74LS164 


SN 


74LS174 


SN 


74LS174 


SN 


74LS175 


SN 


74LS367 


SN 


74393 


SN 


74S428 


SN 


74S472 


SN 


75452 
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vcc 



vcc 



vcc 



IA 
IB 

2A 
2B 

3A 
3B 

4A 

4B 




SN7400, SN74H00, SN74L00, 
SN74LS00, SN74S00 

QUADRUPLE 2-1NPUT 
POSIT1VE-NAND GATES 



IA 
IB 

2A 

2B 

3A 
3B 

4A 
4B 




SN7402, SN74L02, SN74LS02, 
SN74S02 

QUADRUPLE 2-INPUT 
POSITIVE-NOR GATES 



1A 



2A 



3A 



4 A 



5 A 



6A 




SN7404, SN74H04, SN74L04, 
SN74LS04, SN74S04 

HEX INVERTERS 



IA 



2A 



3A 



4A 



5A 



6A 




SN7405, SN74H05, SN74LS05, 
SN74S05 

HEX INVERTERS WITH 
OPEN-COLLECTOR OUTPUTS 



IA 
IB 
1C 

2A 
2B 
2C 

3A 
3B 
3C 







VCC 
14 




1 






2 




^u 


12 


13 




r 




3 






4 




V— 


6 


5 




_J^ 




9 








10 




V- 


8 


11 




J^ 











VCC 



1Y 



2Y 



3Y 



|7 
GND 




IA 
1B 



2A 
2B 



3 A 
3B 



4A 
4B 




SN7410, SN74H10, SN74L10 , 
SN74LS10, SN74S10 

TRIPLE 3-INPUT 
POSITIVE-NAND GATES 



SN7427, SN74LS27 

TRIPLE 3-INPUT 
POSITIVE-NOR GATES 



SN7432, SN74LS32, SN74S32 

QUADRUPLE 2-INPUT 
POSITIVE-OR GATES 
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FUNCTION TABLE SN7474 



FUNCTION TABLE SN7476, SN74H76 



FUNCTION TABLE SN74LS76 



FUNCTION TABLE SN7483A 



INPUTS 


OUTPUTS 


PRESET CLEAR CLOCK □ 


o b 


X X X I J X 

XXX _J 

I J -J I I I 

J I _l I I I 


H L 
L H 
H* H* 
H L 

°0 °0 



INPUTS 






OUTPUTS 


PRESET CLEAR CLOCK 


J 


K 


Q Q 


L H X 


X 


X 


H L 


H L X 


X 


X 


L H 


L L X 


X 


X 


H* H" 


H H .XL 


L 


L 


Qo Qo 


H H _n. 


H 


L 


H 1- 


h h _n_ 


1- 


H 


1. H 


h h _n_ 


H 


H 


TOGGLE 



I HIGH LEVEL (STEADY STATE) 
LOW LEVEL (STEADY STATE) 
( - IRRELEVANT 

TRANSITION FROM LOW TO HIGH LEVEL 
) THE LEVEL OF Q BEFORE THE INDICATED INPUT CONDITIONS 

WERE ESTABLISHED 
*THIS CONFIGURATION IS NONSTABLE; THAT IS, IT WILL NOT PERSIST 
WHEN PRESET AND CLEAR INPUTS RETURN TO THEIR INACTIVE 
(HIGH) LEVEL. 



vcc 



1 PRESET 



1 CLEAR 



2 PRESET 



2D 







14 






4 












A 




2 




p 

D Q 

CK Q 

CL 




5 


3 






6 










I 




? 






10 










n 




12 




d " a 

CK Q 
CL 




9 


11 






8 










13 




V 













2Q 



GND 

SN7474, SN74H74, SN74L74, 
SN74LS74, SN74S74 

DUAL D-TYPE POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 





IN«' 








OUTPUTS 


PRESET 


CLEAR 


CLOCK 


J 


K 


O Q 


L 


H 


X 


X 


X 


H L 


H 


L 


X 


X 


X 


L H 


L 


L 


X 


X 


X 


H* H* 


H 


H 


1 


L 


L 


=>0 °C 


H 


H 


1 


H 


L 


H L 


H 


H 


1 


L 


H 


L H 


H 


H 


1 


H 


H 


TOGGLE 


H 


H 


H 


X 


X 


°0 Q 



H HIGH LEVEL 

L LOW LEVEL i 

X ■ IRRELEVANT 

J~L HIGH -LEVEL 



VCAOY STATE) 

EADY STATE) 



DATA INPUTS SHOULD BE HELD CONSTANT WHILE 
IS TRANSFERRED TO OUTPUT ON THE FALLING 



CLOCK IS HK.H 
EDGE OF THE FIJI. SIC. 
j - TRANSITION FROM HIGH TO LOW LEVEL 
Q Q THE LEVEL Or O BEFORE THE INDICATED INPUT CONDITIONS WERE 

ESTABLISHED. 
TOGGLE: EACH OU I PUT CHANGES TO THE COMPLEMENT OF ITS PREVIOUS 

LEVEL ON EACH ACTIVE TRANSITION (PULSE) OF THE CLOCK. 
*THIS CONFIGURATION IS NONSTABLE-, THAT IS, IT WILL NOT PERSIST 
WHEN PRESET AND CLEAR INPUTS RETURN TO THEIR INACTIVE (HIGH) 
LEVEL 











OUTPUT 




WHEN jf 


WHEN yS 




INPUT 




C0=L jS 
yS C2=L 


C0=H yT 

yS C2=H 


*'/ 


B y 


A2/ 


BZ/ 


11/ 


12/ 


Ci/ 


I"/ 


t2 / 


C2/ 


/a 3 


/B3 


/A4 


/B4 


/l3 


/* 4 


/C4 


/Z3 


/tA 


/CI 


L 


L 


L 


L 


L 


L 


L 


H 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


H 


L 


L 


H 


L 


L 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


L 


H 


L 


H 


H 


L 


H 


L 


H 


L 


H 


H 


L 


L 


L 


H 


L 


H 


H 


L 


H 


H 


L 


L 


L 


H 


H 


H 


H 


L 


L 


L 


H 


H 


L 


H 


L 


L 


L 


H 


L 


H 


L 


H 


H 


L 


H 


L 


L 


H 


H 


H 


L 


L 


L 


H 


L 


H 


L 


H 


H 


H 


L 


L 


L 


H 


H 


H 


L 


H 


L 


L 


H 


H 


L 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


H 


H 


L 


H 


H 


H 


L 


H 


L 


H 


H 


L 


H 


H 


H 


H 


L 


H 


L 


H 


H 


H 


H 


H 


H 


L 


H 


H 


H 


H 


H 



H HIGH LEVEL 

L LOW LEVEL 

MOTE: INPUT CONDITIONS AT A1 . B1 , A2, B2 . AND CO ARE USED 

TO DETERMINE OUTPUTS Zl AND £2 AND THE VALUE OF THE 
INTERNAL CARRY C2 . THE VALUES AT C2 . A3, B3. A4 . AND B4 
ARE THEN USED TO DETERMINE OUTPUTS £3. i;4 . AND C4 . 



VCC 



1 PRESET 


2 








15 






4 
1 

If- 
3 




A 




1J 




p 
j 

CK 

K 

CL 


Q 
Q 




1Q 


1 CLOCK 






14 




IK 




1Q 








11 




1 CLEAR 




? 








2 PRESET 


7 










9 




A 








■7 1 




, p 

CK 

K 

CL 


tot 

Q 




2Q 


2 CLOCK 
2K 


6 






10 




12 


Vj 


. 2Q 




8 










2 CLEAR 




? 






















1.3 

GND 









SN7476, SN74H76, SN74LS76 

DUAL J-K FLIP-FLOPS WITH 
PRESET AND CLEAR 




4-BIT BINARY FULL ADDERS 
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FUNCTION TABLE SN74109 



NOTE: SEE NEXT PAGE FOR FUNCTION TABLE 



vcc 

5 



14 



R0(1) 



R0(2) 




NOTE : THE J AND K 
INPUTS SHOWN WITH- 
OUT CONNECTION 
ARE FOR REFERENCE 
ONLY AND ARE 
FUNCTIONALLY AT 
A HIGH LEVEL 




L> 



J o 

-0 CK 



J 



J Q 

-Q CK 

K 



QA 



INPUTS 


OUTPUTS 


PRESET 


CLEAR 


CLOCK 


J 


K 


Q Q 


L 


H 


X 


X 


X 


H L 


H 


L 


X 


X 


X 


L H 


L 


L 


X 


X 


X 


H* H* 


H 


H 


t- 


L 


L 


L H 


H 


H 


t 


H 


L 


TOGGLE 


n 


H 


i 


L 


H 


Q o Qo 


H 


H 


f 


H 


H 


H L 


H 


H 


L 


X 


X 


Q Q 



FUNCTION TABLE SN74121, SN74LI2I 



INPUTS 


OUTPUTS 


A1 


A2 


B 


O Q 


1 


X 


H 


L H 


X 


L 


H 


L H 


X 


X 


L 


L H 


H 


H 


X 


L H 


H 


1 


H 


J"L TJ" 


I 
1 


H 

i 


H 




L 


X 


1 


-TL T_T 


X 


L 


t 


-TL TJ- 



QB 



QC 



QD 



10 
GND 



SN7493A, SN74LS93 



4-BIT BINARY COUNTER 




H = HIGH LEVEL (STEADY STATE) 
L = LOW LEVEL (STEADY STATE) 
X = IRRELEVANT 

| = TRANSITION FROM LOW TO HIGH LEVEL 
Qff= THE LEVEL OF Q BEFORE THE INDICATED INPUT CONDITIONS 

WERE ESTABLISHED. 
TOGGLE: EACH OUTPUT CHANGES TO THE COMPLEMENT OF ITS 

PREVIOUS LEVEL ON EACH ACTIVE TRANSITION (PULSE) 
OF THE CLOCK. 
*TH1S CONFIGURATION IS NONSTABLE; THAT IS, IT WILL NOT PERSIST 
WHEN PRESET AND CLEAR INPUTS RETURN TO THEIR INACTIVE 
(HIGH) LEVEL. 



VCC 
I <6 



NOTES: 

A. H HIGH LEVEL (STEADY STATE) 
L-LOW LEVEL (STEADY STATE) 

1 TRANSITION FROM LOW TO HIGH LEVEL 

| TRANSITION FROM HIGH TO LOW LEVEL 
-TL ONE HIGH-LEVEL PULSE 
~W ONE LOW-LEVEL PULSE 

X- IRRELEVANT (ANY INPUT. INCLUDING TRANSITIONS) 

B. TO USE THE INTERNAL TIMING RESISTOR CONNECT R| NT TO V cc 
C . AN EXTERNAL TIMING CAPACITOR MAY BE CONNECTED BETWEEN 

C EXT AND Rext/CexT (POSITIVE) 
D FOR ACCURATE REPEATABLE PULSE WIDTHS, CONNECT AN 
EXTERNAL RESISTOR BETWEEN Rext/CeXT AND V cc WITH 
R |NT OPEN-CIRCUITED. 

E. TO OBTAIN VARIABLE PULSE WIDTHS, CONNECT EXTERNAL 

VARIABLE RESISTANCE BETWEEN R| NT OR ReXt/^EXT AND V cc 



1 PRESET 



1 CLOCK 



MC14557B 



IK 



1 CLEAR 



2 PRESET 



2J 



2 CLOCK 



2K 



2 CLEAR 



5 












A 




2 




J P Q 
CK 

K CL° 




6 


4 








3 




7 










1 




? 






11 










n 




14 




P 
J Q 

CK 

K Q 
CL 




10 


12 








13 




9 










15 




? 













1Q 



1Q 



2Q 



REXT/CEXT 



8 
GND 




SN74I09, SN74LSI09 

DUAL J-K POSITIVE-EDGE-TRIGGERED 
FLIP-FLOPS WITH PRESET AND CLEAR 



SN74121, SN74L121 
MONOSTABLE MULTIVIBRATORS 
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FUNCTION TABLE SN74164, SN74L164, 
SN74LS164 



INPUTS 


OUTPUTS 


CLEAR 


CLOCK 


A 


B 


°A Q Q ■ ■ 


Q H 


L 


X 


X 


X 


L L 


L 


H 


L 


X 


X 


Qao q B0 


Oho 


H 


t 


H 


H 


H Q A N 


Q-gn 


H 


| 


L 


X 


!. Qan 


Qgn 


H 


t 


X 


L 


L Q AN 


°GN 



H = HIGH LEVEL (STEADY STATE) 
L - LOW LEVEL (STEADY STATE) 

X = IRRELEVANT (ANY INPUT, INCLUDING TRANSITIONS) 
| -- TRANSITION FROM LOW TO HIGH LEVEL 

Q A0 , Q B 0- Q H0 - THE LEVEL Q A . Q B . OR Q H , RESPECTIVELY, 
BEFORE THE INDICATED STEADY-STATE 
INPUT CONDITIONS WERE ESTABLISHED. 
QAN , QGN= THE LEVEL OF Q A OR Q G BEFORE THE MOST-RECENT 

(TRANSITION OF THE CLOCK, INDICATES A ONE-BIT SHIFT 



vcc 

I 14 



CLOCK 



CLEAR 



1 






1 








2 




<>- 


] 


3 




u l 














4 
















ISo 




Mr' 


5 














hr 


6 




-i 








p 


10 
















H^p 


tl 




f- 












1 o 


12 
















^rl 


13 












P« 




L-%, 




9 


l"Sn 




~j 








po <..... 





7 
GND 



QA 



QB 



QD 



QE 



QF 



QG 



QH 



FUNCTION TABLE 

SN74174, SN74LS174, SN74S174 

(EACH FLIP-FLOP) 



5D 



CLEAR 



SN74164, SN74L164, SN74LS164 
8-BIT PARALLEL-OUT SERIAL SHIFT REGISTER 



INPUTS 


OUTPUTS 


CLEAR CLOCK 


D 


Q 


L X 


X 


L 


H t 


H 


H 


H f 


L 


L 


H L 


X 


Qo 



H = HIGH LEVEL (STEADY STATE) 
L = LOW LEVEL (STEADY STATE) 
X - IRRELEVANT 

f - TRANSITION FROM LOW TO HIGH LEVEL 
Q = THE LEVEL OF Q BEFORE THE INDICATED 

STEADY-STATE INPUT CONDITIONS 

WERE ESTABLISHED. 
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2Q 
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5Q 



6Q 



SN74174, SN74LS174, SN74S174 
HEX D-TYPE FLIP-FLOPS WITH CLEAR 



3D 



FUNCTION TABLE SN74175, 

SN74LSI75, SN74SI75 

(EACH FLIP-FLOP) 



INPUTS 


OUTPUTS 


CLEAR CLOCK 


D 


Q ~Q 


L X 


X 


L H 


H 1 


H 


H L 


H ! 


L 


H 


H L 


X 


Q Qo 



H - HIGH LEVEL (STEADY STATE) 
L = LOW LEVEL (STEADY STATE) 
X = IRRELEVANT 

| = TRANSITION FROM LOW TO HIGH LEVEL 
QO = THE LEVEL OF Q BEFORE THE INDICATED 

STEADY-STATE INPUT CONDITIONS WERE 

ESTABLISHED. 

VCC 
16 



1> 



■C CK 



<*- 



■C CK 



< CK 



._! 



Q CK 



8 
GND 



3 

IQ 



3Q 



15 



SN74175, SN74LS175, SN74S175 
QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR 
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VCC + 



GND 1 



INPUT 1 + 



JNPUT 1- 



INPUT 2- 



INPUT 2 + 



GND 2 



vcc- 
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OUTPUT 1 



OUTPUT 2 



LM319 



HIGH SPEED DUAL COMPARATOR 



VCC + 



BA LANCE 



INPUT 



INPUT 



BALANCE 



VCC- 



7 








1 






2 




% 








6 


3 


^ 




5 






4 















OUTPUT 



LF357N 

WIDE BAND DECOMPENSATED 
OPERATIONAL AMPLIFIER/BUFFER 



INPUT 1- 



INPUT 1 + 



INPUT 2- 



INPUT 2 + 



INPUT 3- 



INPUT 3+ 



INPUT 4- 



INPUT 4 + 




GND 



LM 339 



OUTPUT 1 



OUTPUT 2 



OUTPUT 3 



OUTPUT 4 



QUAD COMPARATOR 



VCC + 



BA LANCE 



INPUT 



INPUT 



BALANCE 



vcc- 



FUNCTION TABLE 
(EACH DRIVER) 



INPUTS 


OUTPUT 


g" A 


Y 


H X 

L H 
L L 


Z 
H 
L 



H HIGH LEVEL 

L LOW LEVEL 

X IRRELEVANT 

2 HIGH-IMPEDANCE 
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OUTPUT 



LF356N 

WIDE BAND OPERATIONAL 

AMPLIFIER/BUFFER 
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> 



> 



> 



<o 



SN74367, SN74LS367 

HEX BUS DRIVERS WITH 

3-STATE OUTPUTS (TRUE DATA) 



C-7 



Digital Systems Division 




949613-9701 



u 

IK 

2J 
2K 

3J 
3K 

4 J 
4K 

CLOCK 
CLEAR 



10 



1 1 



15 



14 



funct 


ONTABL 


E 


(EACH FL 


P-FLOP) 


COMMON IN 


.NPUTS 


OUTPUT 


CLEAR 


CLOCK 


J K 


« 


! 
1 




L » 


GO 


" 


1 

t 




L L 


TOGGLE 


" 


L 




X X 


oo 



LEVEL (STEADY STATE) 

,M LOW TO HIGH LEVEL 
LEVANT (ANY INPUT. INCLUDING 

OFO BEFORE THE INDICATED 
ESTATE INPUT CONDITIONS 



TOGGLE EACH 



VCC 
16 



-D*- 1 



.J 



.J 



o- 



1Q 



2Q 



12 



3Q 



13 



4Q 



8 
GND 

SN74376 

QUADRUPLE J~l< FLIP-FLOPS 



NOTE: SEE PRECEDING PAGE FOR FUNCTION TABLE 



1A 



1 CLEAR 



2A 



13 



2 CLEAR 



12 



-C~- 



£~ 



VCC 
14 



W 

CL. 



1QA 



1QB 



1QC 



6 .~~ 



11 



10 



2QA 



2QB 



2QC 



2QD 



7 
GND 

SN74393, SN74LS393 

DUAL 4-BIT BINARY COUNTER 
WITH INDIVIDUAL CLOCKS 



VCC 
I 28 



15 



17 



12 



10 



19 



21 



DO 
Dl 
D2 
D3 
D4 
D5 

D6 
D7 



> i/o < 



DBO 
DB1 
DB2 
DB3 
DB3 
DB5 
DB6 
DB7 



— Q 

4 



22 

— — o 



STSTB 

DBIN 

WR 

HLDA 

BUSEN 



MEMR 



MEMW 



l/OR 

i/ow 



INTA 



14 
GND 

SN745428 
(TIM8228) 



— 
16 

22 

__9 
J5 
JT8 
20 

J_ 
24 
26 
25 



D-2- 7 



FUNCTION TABLE 



A B 


Y 


L L 
L H 
H L 
H H 


H (OFF STATE) 
H (OFF STATE) 
H (OFF STATE) 
L (ON STATE) 



H = HIGH LEVEL, L = LOW LEVEL 




SN75452 

DUAL PERIPHERAL 
POSITIVE-NAND DRIVER 
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vcc 



ADDRESS A 

ADDRESS B 

ADDRESS C 
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ADDRESS E 

ADDRESS F 
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ADDRESS H 
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CHIP SELECT 
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A 
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I 

CS 
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D02 
DO 3 
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DO 5 
D06 
D07 
D08 
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I 
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DATA OUT 1 

DATA OUT 2 

DATA OUT 3 

DATA OUT 4 

DATA OUT 5 

DATA OUT 6 

DATA OUT 7 

DATA OUT 8 



GND 
SN74S472 
4096 BITS (512 WORDS BY 8 BITS) 
PROGRAMMABLE READ-ONLY MEMORY 



INVERTING (IN-) 
NONINVERTING (IN+) 

vcc- 

1NVERTING (IN-) 
NONINVERTING (1N+) 

VCC+ 



2 




\ 








i 


3 


>/ 
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6 




r\ 








\ 


7 


5 


s? 








\y^ 










8 


v 


CC + 











OUTPUT 1 



OUTPUT 2 



SN72558P 
OPERATIONAL AMPLIFIERS 




OUTPUT 



SN72702 
GENERAL-PURPOSE OPERATIONAL AMPLIFIER 



INPUT FREQUENCY 
COMPENSATION (B) 



INPUT FREQUENCY 

COMPENSATION (A) 

INVERTING INPUT 

NON-INV. INPUT 

VCC- 




INPUT FREQUENCY 
8 INPUT FREQUENCY COMPENSATION (A) 
COMPENSATION (B) 
VCC+ 

OUTPUT 
5 OUTPUT FREQUENCY 
COMPENSATION 



INVERTING INPUT 



LM 709CN-8 
SN72709P 



NON-INV. INPUT 




VCC + 



NC 
NC 



INPUT FREQUENCY COMP. (A) 



OUTPUT 



OUTPUT FREQUENCY 
COMPENSATION 



INVERTING INPUT 

NON-INV. INPUT 

VCC- 

NC 




14 



13 



NC 



NC 



12 INPUT FREQUENCY 



n COMPENSATION (B) 
VCC + 



10 



OUTPUT 

OUTPUT FREQUENCY 

COMPENSATION 

NC 



VCC- 
LM 709 H, LM 709CH 
SN72709L 



LM 709AJ, LM 709 J , LM 709CJ , LM 709CN 
SN72709 



OPERATIONAL AMPLIFIER 
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VCC + 



NON-INV. INPUT 



INVERTING INPUT 



vcc- 



GND 



1 1 
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-y 
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VCC + 



OUTPUT 



SN72710 
DIFFERENTIAL COMPARATOR 



VCC + 



GAIN SELECT } \2 



{ 



INPUT 1 
INPUT 2 

GAIN SELECT 



{ 



vcc- 
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VCC + 






1 1 


G1 B 
G2B 
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OUTPUT 2 



GND 



NONINVERTING 
INPUT 

INVERTING 
INPUT 




OUTPUT 



NC 



GAIN SELECT 
2A 



INPUT 1 



INPUT 2 



GAIN SELECT 2B 



GAIN SELECT IB 




GAIN SELECT !A 



VCC + 



OUTPUT 1 



OUTPUT 2 



vcc- 



733L 



VCC + 



STROBE 1 



INV. INPUT 



NON-INV. INPUT 



NON-INV. INPUT 



INV. INPUT 



STROBE 2 



vcc- 



GND 



1 1 
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OUTPUT 



SN72711 

DUAL-CHANNEL DIFFERENTIAL 
COMPARATOR WITH STROBE 

VCC 




DIFFERENTIAL VIDEO AMPLIFIER 



SN15858 
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D 
FOUR INI 


GND 
M 930J, DM 930 

PUT GATES Wll 
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N 
H EXPANDERS 
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|7 

GND 

DM 962J, DM 962N 



TRIPLE THREE INPUT GATES 



1 1 
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GND 
DM 936J, DM 936N 

HEX INVERTERS 
VCC 
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GND 
DM 944 J, DM 944N 

DUAL FOUR INPUT POWER GATES WITH EXPANDERS 




MC 4049B 





VCC 
114 




1 
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1 
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4 
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>- 
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1 y- 
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12 
13 


17 


1 1 



GND 
DM 946J, DM 946N 

QUAD TWO INPUT GATES 



>' 



D7 
RESET 
HOLD 
INT 

«52 
01 



INTE 
DBIN 

WR 
SYNC 

HLDA 
WAIT 



INTEL 
8 080 A 
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CLOCK 1 



B 



RESET 



8 



CLOCK 2 JL 



10 



11 



13 



DATA 1 
STROBE ~~~ 



VCC 

114 



3> 



£> 



=o 



> 



-L> 



z> 



F?> 



rO- 



IL 



^L> 



=[> 



■CM 



GND 
8281 
4-BIT BINARY COUNTER 



QA 



QB 



QC 



12 qd 



FUNCTION TABLE 9601 
(SEE NOTE A) 



INPUTS 


OUTPUTS 


A1 


A2 


B1 


B2 


Q 


Q 


H 


H 


X 


X 


L 
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X 
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H 
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J~L 
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X 


H 
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XI 


XI 


X 


L 


H 


H 


L 


H 


X 


L 


1 


H 


J~L 


i_r 


X 


L 


H 


1 


-TL 


\s 


H 


1 


H 


H 


-TL 


-is 


1 


I 


H 


H 


.TL 


"i_r 


t 


H 


H 


H 


J~L 


U" 



H=HIGH LEVEL (STEADY STATE), L=LOW LEVEL 
(STEADY STATE), \ =TRANSITION FROM LOW TO 
HIGH LEVEL, | ^TRANSITION FROM HIGH TO LOW 
LEVEL ,J"T=ONE HIGH-LEVEL PULSE ,l_T=ONE LOW- 
LEVEL PULSE, X=IRRELEVANT (ANY INPUT, INCLUDING 
TRANSITIONS). 



A1 



A2 



B1 



B1 



CEXT 



_,^>n 



REXT/CEXT 



1 1 



13 



VCC 
14 



D 



CEXT 



REXT/CEXT 



7 
GND 



Q 



Q 



(SN29601) 
9601 

MONOSTABLE MULTIVIBRATOR 
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APPENDIX D 

979A FIELD TESTER CONTROLS AND INDICATORS 

D.l 979 FIELD TESTER. The field tester is a portable, logic-card size unit to plug into slot J4 
in the tape transport card cage. Figure D-l and controls and indicators are described in table D-l. 
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Figure D-l . Field Tester Controls and Indicators 
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Table D-l. 979A Field Tester, Controls and Indicators 
Motion Control Switches Function Performed 



FWD/OFF/REV 
3 -position toggle 

OFF/SEL 

2 position toggle switch 



UNL/OFF/REW 
3-position momentary toggle 
center OFF 



AUTO REV 
REW/OFF/REV 
3-position toggle 



PROGRAMMING CONTROLS 
GO-STOP/OFF/FWD-REV 

3-position toggle 



Control the direction of tape movement. This switch 
overrides the GO-STOP/OFF/FWD-REV 

Setting this switch to SEL selects the transport being 
tested. When switched to OFF, the transport will not 
respond to the test and the only status that can be 
indicated is REWind. (The FWD indicator lamp only 
indicates that the FWD latch is set.) Before the trans- 
port can be selected, the transport must be in the 
remote mode and not rewinding. 

When transport is selected and ready, momentarily 
switching to either unload (UNL) or rewind (REW) 
issues the appropriate command to unload the tape 
or to rewind the tape. This switch overrides all 
other motion control switches. 

This switch when set to rewind (REW), the transport 
rewinds the tape upon recognizing an EOT. When set 
to the reverse (REV) position, the transport drives 
the tape in the reverse direction (at 952.5 mm 
(37.5 inches) per second) after recognizing an EOT. 

This switch is used in conjunction with the 
FWD/OFF/REV toggle. When set to FWD, the 
GO-STOP position causes the capstan alternately 
to start and stop driving the tape in the forward 
direction. The go start time is adjusted by the 
GO-FWD potentiometer; stop time by the STOP-REV 
potentiometer. When the switch is in the FWD-REV 
position, the tape moves in the forward drive and 
reverse drive direction alternately. The drive time 
in this case is adjusted by the GO-FWD potentio- 
meter, and reverse drive time is adjusted by the 
STOP-REV potentiometer. 

GO-FWD potentiometer (dual purpose) adjusts the 
start time and the forward drive time, see above. 
STOP-REV potentiometer (dual purpose} adjusts for 
stop time and the reverse drive time, see above, 
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Table D-l . 979A Field Tester, Controls and Indicators (Continued) 



Motion Control Switches 

DATA CONTROL SWITCHES 
SET-WRT/OFF/SET-RD 
3 -position toggle 



Function Performed 

In the SET-WRT position, the transport will go to 
the write mode providing all of the following condi- 
tions are met. 

a. Forward direction is selected. 



b. Tape is not unloading, i.e., no unload command 
has been issued. 



i/jir/o 

3 -position toggle 



DATA CHI CH9 

9 of 10 switch DIP packages 



PE1600/NRZI800 

1 of 10 switch DIP packages 



c. Tape is not rewinding. 

d. Manual reset on the front panel has not been 
pressed. 

e. Write enable ring is installed on tape (file not 
protected). 

f. Transport is selected. 

If the set write command is accepted, the read status 
lamp will be turned off. 

In the SET RD position, the tape transport is in the 
read mode. 

Selects type data to be written to individual tape 
channels, all ones, alternate one's and zero's, or all 
zero's, when transport is in the write mode. Chan- 
nels are selected by DIP switches on the right side 
of the tester. When a DATA channel switch is in 
OFF position, all one's are written to that channel, 
when in the ON position, the 1/JTJ" /0 toggle selects 
type data to be written. 

Enables the l/JLT /0 toggle switch to select data 
type to be written to the channel, see above. In the 
OFF position, all one's are written to a channel, 
regardless of the position of 1/ JTJ" /0 switch. In 
order to maintain proper operation and data density, 
at least one write DATA channel switch must be left 
in the OFF position. 

Selects recording format type used by tape transport, 
either 1600 bpi phase-encoded, or 800 bpi nonreturn- 
to-zero, inverted. 
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Table D-l. 979A Field Tester, Controls and Indicators (Continued) 
Indicators and Test Points 



FWD lamp 
RDY lamp 
REW 

RD 

FP 

BOT indicator 
EOT indicator 
30 kHz test point 



When lighted, indicates capstan has received a for- 
ward drive command. 

Ready is lighted as long as transport is in the remote 
mode and not performing a rewind operation. 

When lighted, tape is in a rewind operation initiated 
in either the local or remote modes. Neither select or 
ready is required for this status to be displayed. 

When read is lighted, transport is not in write mode. 
The read indicator does not necessarily mean that the 
transport is reading from tape. 

File protect indicates the reel is write protected; i.e., 
the write enable ring is not installed. 

lights when beginning-of-tape marker is located 
under BOT detector. 

Lights when end-of-tape marker is located under 
EOT detector. 

Test point for measuring 30 kHz signal. 
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APPENDIX E 
SDP, PDT979, MAGNETIC TAPE TRANSPORT, 800/1600 BPI-PDT960/980 



E.l INTRODUCTION 

E.l.l SCOPE OF THE USER'S GUIDE. This document contains the program description and 

updating man uv/iiuiib iui inC muuCi 7/? iViagiiviiv 1 apv nauSpvii j/^» i|/iiviui v»w»t»^»x^i»»»»iw» _~ u .. 

(PDT979). The PDT runs standalone on either the 960 or the 980 computer. Operating instructions, 
messages, tests, and error interpretation are identical on both computers and are discussed in this 
document. For details on program structure, content, and internal methodologies, see the assembly 
listing (AL) for the particular PDT being used. 

E.1.2 GENERAL DESCRIPTION OF THE PDT. PDT979 is a comprehensive program designed 
to verify with a high degree of reliability the proper performance of the 979 Tape Transport unit 
(either 800 or 1600 BPI) and its associated control logic (either DMAC, BTC, and TCL for 800 BPI, 
or DMAC, BTC, TCC, and TIU for 1600 BPI). The PDT is composed of 20 tests which are 
structured around a building block principal whereby each test introduces a minimum amount of 
new functions, and, operations proven to work in a previous test are used to verify the new functions 
being introduced. Although the tests are designed to run in sequential order, each is independent of 
the others and each is independently selectable by the user. The 20 tests are subdivided into three 
groups. The first group contains tests 1 though 15. These tests require no operator intervention and 
are referred to as the automatic tests. The second group contains tests 16 through 18. These tests 
require user assistance and are referred to as the manual intervention tests. The last group containing 
tests 19 and 20 is referred to as the optional tests. 

E.13 RELATED MATERIAL. PDT979, Map Tape XPT Test, 800/1600 BPI-PDT960, part 
number 948124-9901. PDT979, Mag Tape XPT Test, 800/ 1600 BPI-PDT980, part number 942944- 
9901. 

E.2 INSTALLATION 

E.2.1 EQUIPMENT CONFIGURATION. PDT979 requires a keyboard/ display device such as an 
ASR 733 or 912 CRT for communication with the user. The baud rate of the interface module is 
calculated by the PDT and can be either 300, 1200, or 9600. On the 960 computer, the interface 
module is expected in CRU slot EFO. This may be changed by patching relative address 4 and 
restarting the PDT from relative address 0. On the 980 computer, the interface module is expected to 
be I/O BUSS ADDRESS 5. A minimum 12K of memory is required. An error free scratch tape with 
at least 21 metres (70 feet) between BOT and EOT is also required. 

E.2,2 LOADING PROCEDURE. To load PDT979, follow standard loading procedures. After the 
last record of the object media has been read, PDT979 will go into execution and print a title 
message on the logging device giving part number and revision level. It then prints a request for a 
user supplied parameter and waits for a keyboard response. At that time verify the scratch tape is 
loaded, ready, and at the BOT marker. 

E3 OPERATION 
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E.3.1 GENERAL. After the program title has been printed, a series of questions are output to the 
user to acquire system parameters and option selections. The user need only type a single character 
response to these questions. The PDT provides automatic carriage return, line feed, and input 
validation. An incorrect response results in the following message: 

INVALID RESPONSE 

The question is then output again for the proper response. In the case where a numerical response is 
requested, the user should respond with a single decimal digit. When a yes or no answer is required, 
the user should respond either Y for yes or N for no (any recognized key that is not a Y will be treated 
as an N). Any key typed is echoed to the printer, but not all keys are recognized. The characters 
recognized by the PDT are the carriage return, any key that produces an ASCII code between 20 and 
5F, and special keys ESCAPE and RUBOUT. 

E.3.2 PARAMETER INPUT. This paragraph describes the four parameters required by the PDT. 

E.3.2.1 Port Number. The first parameter requested by the PDT is the DM AC port number for the 
tape transport controller. It appears as follows: 

ENTER DMAC PORT NUMBER (0-7) 

The user should type a single decimal digit between zero and seven. The port number of the 
controller can be determined from the BTC #1 board in the DMAC chassis. On that board are five 
switches of which only switches 1, 2, and 3 are used. These switches are set to represent an octal 
number zero and seven. 

E3.2.2 Units Under Test. The second parameter requested by the PDT is the unit number of each 
transport to be tested. Assuming the user responds yes for each transport number possible, the 
output would appear as follows: 

UNITS UNDER TEST - UNIT 1? Y UNIT 2? Y UNIT 3? Y 
Should the user respond no to the first two, the output would appear like this: 

UNITS UNDER TEST - UNIT 1? N UNIT 2? N UNIT 3? Y 
Should the user type carriage return, instead of N, to imply no, the output would appear like this: 

UNITS UNDER TEST - UNIT 1? 

UNIT 2? 
UNIT 3? Y 

A minimum of one and a maximum of three units must be selected. When more than one unit is 
selected the PDT runs to completion on one unit before beginning on the next. The unit number of a 
particular transport is determined by following the cables from the DMAC chassis to the transport. 
The transport is connected to the DMAC chassis (or TIU) i.e., transport #1. The first transport on a 
daisy chain is transport #2, and the last is transport #3. 

E.3.2 J Recording Density. The third parameter requested by the PDT is the recording density. It 
appears as follows: 

1600 BPI? 
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A response of yes indicates all units under test record at 1600 BPI. A response of no indicates all 
units under test record at 800 BPI. It is apparent that the recording density is 1600 BPI if the 
controller interfaces to the transport interface unit (TIU) rather than transport #1. 

E.3.2.4 DMAC Chassis. The last parameter required by the PDT is the type of DM AC chassis. The 
request appears as follows: 

DMAC EXPANSION? 

A yes response indicates the TCL/TCC and BTC logic boards are contained in a DMAC expander 
chassis. No indicates these boards are contained either in an internal or external single controller 
DMAC chassis. The distinction is necessary because of the interrupt status word stored at location 
96i6. An expander chassis will store at 96i6 whereas the single controller will not. 

E3J OPTIONS. Following parameter input, the PDT requests option selection. This paragraph 
describes the options provided in the order they are requested by the PDT. 

E.33.1 Test Headings. The first option provided is whether or not to print test headings. The 
message appears as follows: 

PRINT TEST HEADINGS? 

A response of Y wiil cause each of the 20 tests to print out its title just before executing. If the PDT is 
going to run for an extended period of time, then to save paper, the user may want to respond N to 
this option. 

E33.2 Error Messages. An option to not print error messages is next. It appears as follows: 

PRINT ERROR MESSAGES? 

A response of Y will cause errors to be printed. A no response will cause error messages to be 
suppressed. This may be useful while troubleshooting a known error and the error message is not so 
much of interest as the trace on an oscilloscope. 

E333 Stop on Error. The next option is whether or not to stop after an error has been detected. 
The message appears as follows: 

STOP ON ERROR? 

A yes response may be useful when running the PDT for extended periods of time while unattended. 
In the event of a failure, this will prevent page after page of error messages. 

EJ 3.4 Loop On Error. The next option is whether or not to loop on the command or sequence of 
commands that resulted in an error. The message is only printed if the user responds no to stop on 
error and will appear as follows: 

LOOP ON ERROR? 

A response of Y may be useful for setting up a scope loop. If an error is detected, the appropriate 
error message is printed normally followed by the following message: 

NOW LOOPING ON ERROR 
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From that time on, no more messages are printed. It the problem is intermittent or goes away due to 
the scope probe, the PDT will still remain in the loop. The only way to ABORT is to type the 
ESCAPE key. 

A response of N would mean for the PDT to report errors normally and to continue on through the 
rest of the test. This would be the normal selection for attended use of the PDT. 

E.3.3.5 Test Index and Verb Library. The last option provided allows the user to print the number 
and title of each test in the PDT, and the abbreviation and definition of each verb in the verb library. 
The option appears as follows: 

LIST TEST INDEX AND VERB LIBRARY? 

A yes response may be useful when the user desires a review of the available tests and verbs. 

E.3.4 VERBS. The verb library provided with PDT979 contains 7 commands (or verbs) which 
greatly enhance the versatility of the PDT and its usefulness as a troubleshooting tool. The 
abbreviation and definition of each verb is shown at the bottom of figure E-I. A sample of program 
execution under the EM verb is shown in figure E-2. Samples of the CO, ES, LS, and RS verbs are 
shown in figure E-3. 

E.3.5 SPECIAL KEYS. Although PDT979 executes with data bus (or CRU) interrupts disabled, it 
monitors the interface module for a Read Request with such frequency that it appears interrupt 
driven. While a test is in execution, typed keys are echoed to the printer, however, only the ESCAPE 
key and the RUBOUT key have any significance. 

E.3.5.1 Escape Key. The primary role of the escape key is to cause the program to abort whatever 
test it is doing or whatever message it is printing, and return to get a new verb from the user. During 
parameter input and option selection the escape key has an alternate function as follows: After a 
request has been printed for a parameter or an option, and the PDT is idle waiting for the user to 
type a reply, if the escape key is typed, the PDT will backup one message and reoutput the previous 
parameter or option request. This allows the user to change his mind or correct a mistake without 
having to restart the entire PDT. 

E.3.5.2 Rubout Key. The primary role of the rubout key is to provide the user with a pause 
capability. Typing the rubout key causes the program to temporarily suspend whatever it is doing 
until further notice. During that time the user might change a controller board or move the scope 
probe. To resume execution exactly where it left off, the user must type any key on the keyboard. A 
second use of the rubout key is to halt and restart the printer. This capability is especially useful if the 
system console is a 912 CRT. When the CRT screen gets full, the user can type the rubout key to stop 
the CRT long enough to read the screen and then type any key to start it up again. A third feature of 
the rubout key is the single step mode. This happens when the rubout key is typed a second time to 
cause program execution to resume after pausing because the rubout key was typed the first time. 
When that happens the program will go back into execution, perform one command to the tape 
drive, and automatically pause again. This single step process will continue each time the rubout key 
is typed. To resume automatic program execution, type any key other than rubout. 
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PBT979 MODEL 979 300-- 1600 BPI MAGNETIC TRPE TRANSPORT TEST-SYS980 942944*» 

ENTER PORT NUMBER <0-7> 2 

TYPE Y FDP YES AND ANY OTHER KEY FDR NO: 

UNITS UNDER TEST - UNIT 1? Y UNIT 2? N UNIT 3? N 

1600 BPI? N 

DMflC EXPANSION? Y 

PRINT TEST HEADINGS? Y 

PRINT EPPDP MESSAGES? Y 

STDP DN ERROR? N 

LOOP ON ERROR' N 

LIST TEST INDEX AND VERB LIBRARY? Y 

♦♦♦ TEST INDEX ♦♦♦ 

AUTOMATIC TESTS 

TEST 01 - DATA INDEPENDENT ATI TESTS 
TEST 02 - BASIC WRITE/READ TESTS 
TEST 03 - ERASE HEAD POLARITY TEST 
TEST 04 - END OF FILE TESTS 

RECORD SKIP TESTS 

CHARACTER COUNTER TESTS 

CHAINING TESTS 

INVALID CHAINING COMMAND TESTS 

SHDPT PEC EVEN/ODD WRITE' READ TESTS 

LDNG PEC EVEN/ODD WRITE 'READ TESTS 

DATA PATTERN TESTS 

STAPT-'STOP WRITE TEST 

RECORD CREEP TEST 

LW1/LW4 TEST 

END OF TAPE TEST 

MANUAL INTERVENTION TESTS 

TEST 16 - UNLOAD-- FILE PROTECT/ OFF LINE TESTS 
TEST 17 - CAPSTAN CREEP TEST 
TEST IS - DMAC RESET TEST 

OPTIONAL TESTS 

TEST 19 - MULTIPLE UNIT TESTS 

TEST 20 - ENGINEERING TEST TAPE TEST 

♦♦♦ VERB LIBRARY ♦♦♦ 

EM - EXECUTE AUTOMATIC AND MANUAL INTERVENTION TESTS AND STDP 

EA - EXECUTE AUTOMATIC TESTS AND STOP 

ES - EXECUTE SELECTED TESTS AND STOP 

LA - LOOP ON AUTOMATIC TESTS 

LS - LOOP ON SELECTED TESTS 

CO - CHANGE PRINT OPTIONS 

RS - RESTART PDT 



TEST 


05 


TEST 


06 


TEST 


07 


TEST 


08 


TEST 


09 


TEST 


10 


TEST 


11 


TEST 


12 


TEST 


13 


TEST 


14 


TEST 


15 



Figure E-l. Parameter Input and Option Selection 
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VERB? EM 

BEGIN TEST UNIT 1 

♦♦♦♦*♦♦ TEST 01 - DATA INDEPENDENT ATI TESTS 

♦♦♦♦+♦+ TEST 02 - BASIC WRITE/READ TESTS 

♦♦♦♦♦♦♦ TEST 03 - ERASE HEAD PDLARITY TEST 

♦♦♦♦♦♦♦ TEST 04 - END DF FILE TESTS 

♦♦♦♦♦♦♦ TEST 05 - RECORD SKIP TESTS 

♦♦♦♦♦♦♦ TEST 06 - CHARACTER COUNTER TESTS 

♦♦♦♦♦♦♦ TEST 07 - CHAINING TESTS 

♦♦♦♦♦♦♦ TEST OS - INVALID CHAINING COMMAND TESTS 

♦♦♦♦♦♦♦ TEST 09 - SHORT PEC EVEN/ ODD WRITE.' READ TESTS 

♦♦♦♦♦♦♦ TEST 10 - LONG PEC EVEN/ODD WRITE/ READ TESTS 

♦♦♦♦♦♦* TEST 11 - DATA PATTERN TESTS 

♦♦♦♦♦♦♦ TEST 12 - START/STOP WRITE TEST 

♦♦♦♦♦♦♦ TEST 13 - RECORD CREEP TEST 

♦♦♦♦♦♦♦ TEST 14 - LW1/LW4 TEST 

♦♦♦♦♦♦♦ TEST 15 - END OF TAPE TEST 

REWIND TIME -IN SEO = 00071 

♦♦♦♦♦♦♦ TEST 16 - UNLOAD- FILE PROTECT/ OFF LINE TESTS 

PWND-UNLD ATTEMPTED W/ TAPE OFF EOT - DID TAPE UNLOAD <Y OR N> ?Y 

REMOVE WRITE PING - RELOAD TAPE - PRESS CR TO CONTINUE WHEN XPT READY 

PWNP.-UNLD ATTEMPTED W/ TAPE ON BOT - DID TAPE UNLOAD <Y OR N>~Y 

INSERT WRITE PING - RELOAD TAPE - PRESS CP TO CONTINUE WHEN XPT READY 
♦♦♦♦♦♦♦ TEST 17 - CAPSTAN CREEP TEST 

PRESS CP TO BEGIN 10 SECOND DELAY 
♦♦♦♦♦+♦ TEST 13 - DMAC RESET TEST 

PRESS CPU RESET - PRESS CPU START 

VERB"- 

Figure E-2. Sample Program Execution 
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VERB? XX 
INVALID RESPONSE 

VERB? CD 

PRINT TEST HEADINGS? Y 

PRINT ERPDR MESSAGES? Y 

STDP ON ERROR? Y 

LIST TEST INDEX AND VERB LIBRARY? N 

VERB? ES £ 4 6 7 

BEGIN TEST UNIT 1 

♦♦♦♦♦♦♦ TEST 02 - BASIC WRITE/READ TESTS 
♦♦♦♦♦♦♦ TEST 04 - END OF FILE TESTS 
♦♦♦♦♦♦♦ TEST 06 - CHARACTER COUNTER TESTS 
♦♦♦♦♦♦♦ TEST 07 - CHAINING TESTS 

VERB? LS 12 13 

BEGIN TEST UNIT 1 

♦♦+♦♦♦♦ TEST 12 - START.'STDP WRITE TEST 

♦♦♦♦♦♦♦ TEST 13 - RECORD CREEP TEST 

BEGIN TEST UNIT 1 

♦♦♦♦♦♦♦ TEST 12 - START/STOP WRITE TEST 

♦♦♦♦♦♦♦ TEST 13 - RECORD CREEP TEST 

BEGIN TEST UNIT 1 

♦♦+♦♦♦♦ TEST 12 - START/STOP WRITE TEST 

«•»■»•»-»■#•» TEST 13 - RECORD CR 

VERB* RS 

PDT979 MODEL 979 80 (VI 6 00 BPI MAGNETIC TAPE TRANSPORT TEST-SYS980 942944 

ENTER PORT NUMBER <0-7> 



Figure E-3. Sample of the VERBS CO, ES, LS and RS 
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E.4 MESSAGE INTERPRETATION 

PDT979 prints very extensive error messages designed for rapid fault isolation and to minimize the 
need to refer to the assembly listing. 

Of the nearly 100 messages the PDT is capable of printing, most are self explanatory. A sample of 
the less obvious but most likely messages is shown in figure E-4. These messages tend to follow a 
convention of 4 lines per error message with each error message separated from the others by a 
double space. Line 1 is a brief description of the type of error detected. Line 2 is a mini memory 
dump of the DM AC command that caused the error. In the case of a command that causes the BTC 
to acquire a list, the following information is printed. 

AL=XXXX - the assembly listing address of the failing command 

AW1=XXXX - word I of the Activate DMA Instruction (ATI/ADAC) 

AW2=XXXX - word 2 of the Activate DMA Instruction (ATI/ADAC) 

LWI=XXXX - word 1 of the list specified by AW2 

LW2=XXXX - word 2 of the list specified by AW2 

LW3=XXXX - word 3 of the list specified by AW2 

LW4=XXXX - word 4 of the list specified by AW2 

In the case of a rewind command, Line 2 contains the following alternate information: 

AL=XXXX - the assembly listing address of the failing Rewind command 

REWIND TYPE - the type will either be with interrupt enabled or without interrupt enabled 

BOT - this indicates whether the tape was on or off BOT prior to issuing the Rewind command 

INTRPT RCVD - this indicates whether an interrupt was received or not 

STATUS RCVD - this indicates whether status word 1 was received or not 

Line 3 of the error message is the received status word 1. It is printed in hex and also decoded. Line 4 
of the error message is the expected status word 1. Likewise, it is printed in hex and also decoded. In 
the event of a data compare error the following additional information is printed: 

CHARS EXPD=XXXX/XXXXX - number of characters attempted to read in 

HEX/DECIMAL 

CHARS RCVD=XXXX XXXXX - number of characters actually read in HEX; DECIMAL 

CHARS IN ERROR=XXXX/ XXXXX - number of characters in the compare buffer that 

did not match the corresponding character in the 
read buffer in HEX/DECIMAL. 

LOC -or- LOC -location of character in ERROR XXXX is the word (in HEX) 
XXXXL XXXXR relative to the start of the record that contains the character in error. 

L or R indicates whether the character is in the left half or right half 

of the word. 
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INCDRRECT STATUS RCVD UNIT 1 , 

AL=0355 AW1=D9CA AW£=0FFC LW1=£34C ■ LW2=0100 LW3=flUUU LW4=UJc:^ 
CHAIN LIST SPECIFIED BY LIST WORD 4: LW1=23CD LW2=0100 LW3=A00 LW4=0FFC 
RCVD STRT WRD1=0600=PE2 CNTRL'XPT + EDR 
EXPD STRT WRD1=0001=LIST TAKEN 

DATA COMPARE ERROR UNIT 1 

AL=0355 AW1=D9CA AW2=0FFC LW1=234C LW2=0100 LW3=A00 LW4=0327 
CHAIN LIST SPECIFIED BY LIST WORD 4: LW1=23CD LW2=0100 LW3=A000 LW4=0FFC 
CHAPS EXPD=0 100/00256 CHAPS PCVD=001 A--' 0026 CHAPS IN EPROR=00E7/ 0231 
LDC EXPD RCVD XOP BAD TRACK 



OL 


FE 


OR 


FE 


00 OCR 


FE 


000DL 


FE 


000DP 


FE 


000EL 


FE 


OER 


FE 


000FL 


FE 


000FP 


FE 


001 OL 


FE 



CHAINED RECORD LENGTH ATTEMPTED <IN CHARS) =0800x02048 
ATTEMPTED CHAINS=00007 SUCCESSFUL CHAINS=00004 



VERB? ES 1 

BEGIN TEST UNIT 1 

♦*+♦*♦♦ TEST 01 - DATA INDEPENDENT ATI TESTS 

INCORRECT STATUS RCVD UNIT 1 

AL=0173 REWIND TYPE:W^D INTRPT BOTsQN INTRPT RCVD: NO STATUS RCVD s YE: 

RCVD STAT MRD1=2000=OFFLINE 

EXPD STAT WPD1=0010=RWND CMPLT 1 

INCORRECT TTATUS RCVD UNIT 1 

AL = 017C REWIND TYPE:W/ INTRPT BOT'.ON INTRPT RCVD: YES STATUS RCVD: YE:: 

RCVD STAT WPB1=2000=OFFLINE 

EXPD STAT WPD1=8000=OP COMPLETE 

VERB? ES £ 

EEGIN TEST UNIT 1 

♦♦♦♦♦♦♦ TEST 02 - BASIC WRITE/READ TESTS 

INCORRECT STATUS RCVD UNIT 1 

AL=0246 AW1=D9CA AWgsOFFC LW1=2£CB LW2=0100 LW3=1000 LW4=0FFC 

RCVD STAT WPD1=2000=OFFLINE 

EXPD STAT i,iPDl=8000=DP COMPLETE 

STATUS WORD 2 INCORRECT PCVD=01 00.-' 00256 EXPD=000 0-'00000 
AL=0246 AW1=D9CA AW2=0FFC LW1=22CB LW2=0100 LW3=1000 LW4=0FFC 

VERB'? 

Figure E-4. Sample Error Messages 
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EXPD - character expected (in HEX) 
XX 

RCVD-or- RCVD - character received (in HEX) two dashes 
XX indicate no character was received. 

XOR - exclusive or of the character received with the character expected. 

XX 

BAD TRACK(s) - 979 XPT TRACK number(s) in error 

X, X, X, X, X, X, X, X, X, - 

When more than 10 characters are in error, only the first 10 are printed. If the user requested 
continue on error then testing would resume at that time. If, however, stop on error was selected, 
then the following message would be printed: 

CONTINUE? (Y or N) 

If the user types Y for yes, then up to 10 more characters in error are printed followed by 
CONTINUE? (Y or N). The user can continue to type Y until all errors have been printed or type N 
for no and cause the program to return to get a new verb. 

If an error occurs during a chain write or chain read operation, a two line error message is printed 
indicating the overall length of the record undertaken and how many levels of chaining occurred 
before the error occurred. 

E.5 DETAILED TEST DESCRIPTIONS 

In view of the comprehensive testing of PDT979, and the elaborate error messages it is unlikely that 
reference to a detailed test description would be necessary except with very obscure failures. In that 
event, a knowledge of what specifically the test is doing may be desirable in order to patch the PDT 
on gain insight for a "hand toggle" program to aid in a more rapid isolation of the fault. For this 
reason the assembly listing of PDT979 is formatted and commented such that the specific actions 
taken in a particular test stand out and can be seen at a glance, By looking at the title at the top of 
each page of the listing, the user can flip to the test of interest. Then, by reading the "standalone" 
comment cards, gain an understanding of what the test does and the steps taken to do it. 
Programming details are provided in the comment fields of the instructions themselves. 
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APPENDIX F 
GLOSSARY OF MAGNETIC TAPE RECORDING TERMS 

Term Description 

BOT Beginning-of-tape. A reflective BOT marker is placed 3.1 metres ( 10.0 feet) or more from the 

beginning of the tape. The BOT status signal is generated when the marker is sensed. 

bpi Bits per inch (25.4 mm). A measure of data packing density on one track of a magnetic tape. 

CRCC Cyclic redundancy check (CRC) character. An error detection character which is written at 

the end of a record. NRZI format only. 

EOF End-of-file. A special character written on the tape to indicate the end of a file. The EOF 

status bit is generated when the transport electronics detect an EOF character (while reading). 
EOF formats differ for NRZI and PE tapes. 

EOT End-of-tape. A reflective EOT marker is placed 4.3 metres ( 14.0 feet) or more from the end of 

the tape. The EOT status signal is generated when the marker is sensed. 

File A group of records delimited by file marks. 

File Mark Another name for the end-of-file (EOF). 

frpi Flux reversals per inch of magnetic tape. 

IBG Interblock gap. Synonym for interrecord gap (IRG). 

IRG Interrecord gap. A dc-erased segment of tape which separates successive records. When tape 

motion stops, the read/ write heads should be on an interrecord gap. 

LRCC Longitudinal redundancy check (LRC) character. A character written at the end of a record 

which contains an even parity bit for each track in the record. The total number of ones in a 
given track, including the CRCC and the LRCC. must be even. NRZI format only. 

NRZI Nonreturn to zero, inverted. A recording technique in which a logic one is represented by a 

flux inversion. Pronounced "narzy" in this manual. 

PE Phase-encoding. A recording technique in which a logic one is represented by a positive flux 

transition, logic zero by a negative flux transition, and successive ones or zeros are separated 
by an additional transition. 

Postamble A special character grouping which follows a PE record. The postamble consists of an all- 

ones character followed by 40 all-zeros characters. 

Preamble A special synchronization character grouping which precedes a PE record. The preamble 

consists of 40 all-zeros characters (3200 frpi) followed by an all-ones character. 
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Record A group of characters. A record is the smallest data grouping which can be read from or 

written onto a tape while maintaining the data integrity checks, such as cyclic and 
longitudinal redundancy checks. 

VR C Vertical redundancy check. An odd parity check in a single 9-bit character. 
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